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TITLE OF THE INVENTION 

N-SUBSTrruTED NONARYL-HEIEROCYCUC NMDA/NR2B ANTAGONISTS 

5 This application claims the benefit of priority of U.S. Patent 

Application No. 60/271,100 filed February 23, 2001. 

BACKGROUND OF THE INVENTION 
Field of the Invention 

10 This invention relates to iV-substituted nonarylheterocyclic compounds. 

In particular, this invention relates to iV-substituted nonarylheterocyclic compounds 
that are effective as NMDA NR2B antagonists useful for relieving pain. 

Ions such as glutamate play a key role in processes related to chronic 
pain and pain-associated neurotoxicity - primarily by acting through N-methyl-D- 

15 aspartate ("NMDA") receptors. Thus, inhibition of such action - by employing ion 
channel antagonists, particularly NMDA antagonists - can be beneficial in the 
treatment and control of pain. 

Known NMDA antagonists include ketamine, dextromophan, and 3*(2- 
cari>oxypiperazin-4-yl)-propyl-l-phosphonic acid ("CPP"). Although these 

20 compounds have been reported (JD.Kristensen, et al., Pain, S1:249-2S3 (1992); 
RKEide, et al.. Pain, 61 :221-228 (1995); D.IKnox, et al., AnaestK Intensive Care 
22:620-622 (1995); and M.B.Max, et al., Clin.Neuropharmacol 18:360-368 (1995)) 
to produce symptomatic relief in a number of neuropathies including postherpetic 
neuralgia, central pain firom spinal cord injury, and phantom limb pain, widespread 

25 . use of these compounds is precluded by their undesirable side effects. Such side 
effects at analgesic doses include psychotomimetic effects such as dizziness, 
headache, hallucinations, dysphoria, and disturbances of cognitive and motor 
function. Additionally, more severe hallucinations, sedation, and ataxia are produced 
at doses only marginally higher than analgesic.doses. Thus, it would be desirable to 

30 provide novel NMDA antagonists that are absent of imdesirable side effects or that 
produce fewer and/or milder side effects. 

NMDA receptors are heteromeric assemblies of subunits, of which two 
major subunit families designated NRl and NR2 have been cloned. Without being 
bound by theory, it is generally believed that the various functional NMDA receptors 

35 in the mammalian central nervous system ("CNS") are only formed by combinations 
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of NRl and NR2 subunits, which respectively express glycine and glutamate 
recognition sites. The NR2 subunit family is in turn divided into four individual 
subunit types: NR2A,NR2B,NR2C. and NR2D. T. Ishii, et al., / BioL Chem., 
268:2836-2843 (1993), and D J. Laurie et al., Mol Brain Res.. 51:23-32 (1997) 
5 describe how the various resulting combinations produce a variety of NMDA 

. receptors differing in physiological and pharmacological properties such as ion gating 
properties, magnesium sensitivity, pharmacological profile, as well as in anatomical 
distribution. 

For example, while NRl is found throughout the brain, 1^2 subunits 

10 are differentially distributed. In particular, it is believed that the distributibh map for 
NR2B lowers the probability of side effects while producing pairi relief. For example, 
S.Boyce, et al„ Neuropharmacology, 38:611-623(1999) describes the effect of 
selective NMDA NR2B antagonists on pain witfi reduced side effects. Thus, it would 
be desirable to provide novel NMDA antagonists that target the NR2B receptor. 

15 U.S. Patent No. 6,020,347 and Ihtemational Patent Publication 

W099/25685 describes 4-substituted-4-piperidine carboxamide derivatives that are 
antagonists of VLA-4 ("Very Late Antigen-4")- International Patent Publication WO 
01/00207 describes substituted pyrimidine compounds that are inhibitors of tyrosine 
kinases. International Patent Publication WO 00/61551 describes 

20 oxopyrimidinealkanoate compounds that are integrin receptor ligands. International 
Patent Publication EP 604800 describes Carboxyalkyl-phenyl aminocarbonyl-phenyl- 
piperidine compounds that are blood platelet aggregation inhibitors, fctemational 
Patent Publication EP 6 1 1660 describes benzunidazoles, xanthines, and analogs as 
tissue aggregation inhibitors. International Patent Publication EP 771799 and U.S. 

25 Patent No 5,861 ,396 describe purin-6-one derivatives for tiie treatment of 

cardiovascular and urogenital diseases. Xntemational Patent Publication W094/21615 
describes benzimidazole-piperidine compounds utilized as dopamine D4 antagonists. 
German Patent No. DE4241632 describes substituted phenyl or cyclohexyl-carboxylic 
acid derivatives that inhibit cell aggregation. 

30 Phenol compounds described as NMDA antagonists are described in 

U.S. Patent Nos. 5,306,723 and 5,436,255, and in International Patent Publications 
W091/17156, WO92/19502, WO93/02052, W096/37226, and EP 441506. Benzyl 
piperidine substituted with phenols or imidazoles are described in Z.-L. Zhou, et al.. J. 
Medicinal Chemistry, 42:2993-3000(1999); T.F.Gregory, et al.. Poster #94, 218*^ 

35 National Meeting American Chemical Society, New Orleans, Louisiana, August 22- 
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26, 1999. Other NMDA NR2B selective compounds are described in European 
Patent Publication EP 787493 and J.N.C. Kew et al.. British J.PJmrmacol, 
1^:463(1998). However, there continues to be a need for novel NMDA antagonists 
that target the NR2B receptor. 

5 

SUMMARY OF THE INVENTION 

The present invention relates to N-substituted nonarylheterocyclic 
compounds represented by Formula (I): 




10 00 

or phannaceutically acceptable salts thereof. The present invention also fonns 
pharmaceutical compositions utilizing the compounds. Further, this invention 
includes novel methods to treat pain by utilizing the compounds. 

15 DETAILED DESCRIPTION OF THE INVENTION 

The compounds of this invention are represented by Formula (I): 




(D 

or pharmaceutically acceptable salts thereof, wherein 
20 NonAr is a nonaromatic 5-7 membered ring containing 1 or 2 nitrogen 

ring atoms or an aza bicycio octane ring; 
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HetAr is a 5 or 6 membered heteroaromatic ring containing 1-3 
nitrogen ring atoms, or isoxazolyl. thiazolyl, thiadiazolyl, quinolinyl, quinazolinyl, 
purinyl, pteridinyl, benzimidazolyl, pyrrolopyrimidinyl, or imidazopyridinyl; 

HetAr is optionally substituted with 1 or 2 substituents, each 
5 substituent independently is Ci-4alkyl, CMalkoxy, C2-4alkynyl, trifluoromethyl, 
hydroxy, hydroxyCi^alkyl, fluoro, chloro, bromo, iodo, cyano, methylsulfanyl, 
cyclopropylethynyK phenylethynyl-, heteroarylethynyK-N(Co^alkyl)(Co.4alkyl), 
nitro, (Ci-2alkyl)(Ci-2alkyl)NCH2-, (Ci.2alkyl)HNCH2-. Si(CH3)3-C- or 
NH2C(OH 
10 Ais-Co.4alkyls 

B is aryl(CH2V3-0-C(OK heteroaryl(CH2)i.3-0-C(0)-. 
indanyl(CH2V3-O-C(0)^, aiyI(CH2),.3-C(OK aryl-<yclopropyl-C(0)-, heteroaryl- 
cyclopropyl-<:(0)-. heteroaryl(CH2)i.3-C(OK aryl(CH2)i.3- heteroaryl(CH2)i.3- 
aryl(CH2),.3-NH-C(0)-, aiyl(CH2)i.3-NH-C(NCN>-, aryl(CH2)i.3-S02- 
15 heteix)aryl(CH2),.3-S02- wherein any of the aryl or heteroaryl is optionally 

substituted by 1-5 substitutents, each substituent independently is Ci-4alkyl» C3. 
gcycloalkyl, Ci^alkoxy, trifluoromethyl, bromo, fluoro, or chloro; and 

X is H, OH, F, Ci^alkyl, Ci-4alkoxy, NH2, or X taken with an 

adjacent bond is =0. 

20 

In one aspect, the compounds of this invention are represented by 
Formula (I) or pharmaceutically acceptable salts thereof, wherein 

NonAr is a nonaromatic 6 membered ring containing 1 nitrogen ring 

atom; 

25 HetAr is a 5 or 6 membered heteroaromatic ring containing 1 -3 

nitrogen ring atoms, or isoxazolyl, thiazolyl, thiadiazolyl, quinolinyl, quinazolinyl, 
purinyl, pteridinyl, benzimidazolyl, pyrrolopyrimidinyl, or imidazopyridinyl; 

HetAr is optionally substituted with 1 or 2 substituents, each 
substituent independently is Ci^alkyl, Ci^alkoxy, C2-4alkynyl, trifluoromethyl. 

30 hydroxy, hydroxyCi^alkyl, fluoro, chloro, bromo, iodo, cyano, methylsulfanyl, 
cyclopropylethynyl-, phenylethynyl-, heteroarylethynyK-N(Co^alkyl)(CO-4alkyl), 
nitio, (Ci-2alkyl)(Ci.2alkyl)NCH2- (Cl-2alkyl)HNCH2- Si(CH3)3-C-. or 
NH2C(0)-; 

A is -Co^kyH 
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B is aryl(CH2)o.3"-0-C(0>-, wherein the aryl is optionally substituted 
by 1-5 substituents, each substituent independently is Ci^alkyl, C3-6cycloallqrl, Ci- 
4alkoxy, trifluoromethyl, bromo, fluoro, or chloro; and 

X is H, OH. F, CMalkyl, Ci^alkoxy, NH2, or X taken with an 

5 adjacent bond is =0. 

In an embodiment of this first aspect, the compounds of this invention 
are represented by Formula (0 or pharmaceutically acceptable salts thereof, wherein 
NonAr is a nonaromatic 6 membered ring containing 1 nitrogen ring 

10 atom; 
atom; 



HetAr is a 6 membered heteroaromatic ring containing 1 nitrogen ring 



HetAr is optionally substituted with 1 or 2 substituents, each 
substituent independently is Ci^alkyl, Ci-4alkoxy, C2^alkynyl. trifluoromethyl, 
15 hydroxy, hydroxyC 1 -4alkyl, fluoro, chloro, bromo, iodo, cyano, methylsulf anyl, 

cyclopropylethynyl-, phenylethynyK heteroarylethynyl-.-N(Co-4alkyl)(Co-4alkyl), 
nitro. (Ci.2alkyl)(Ci.2alkyl)NCH2-. (Ci-2alkyl)HNCH2- Si(CH3)3-C-, or 
NH2C(0H 

A is -Co-4alkyl~; 

20 B is aryl(CH2)o.3-<>C(0>-, wherein the aryl is optionally substituted 

by 1-5 substituents, each substituent independently is Ci.4alkyl, C3-6cycloalkyl. Ci- 
4alkoxy, trifluoromethyl, bromo, fluoro, or chloro; and 

, X is H, OH, F, CMalkyl, Ci-4alkoxy, NH2. or X taken with an 

adjacent bond is =0. 

25 

In another embodiment of this first aspect, the compounds of this 
invention are represented by Formula 00 or pharmaceutically acceptable salts thereof, 
wherein 

NonAr is a nonaromatic 6 membered ring containing 1 nitrogen ring 

30 atom; 

HetAr is an isoxazolyl optionally substituted with 1 or 2 substituents, 
each substituent independently is Ci-4alkyl, Ci^alkoxy, C2^alkynyl, 
trifluoromethyl, hydroxy, hydroxyCi-4alkyl, fluoro, chloro. bromo, iodo, cyano, 
methylsutfanyl, cyclopropylethynyl-, phenylethynyK heteroarylethynyI-,-N(Co- 
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4alkyl)(Co-4alkyl). nitro, (Ci.2alkyl)(Ci.2alkyl)NCH2-, (Ci.2alkyl)HNCH2- 
Si(CH3)3-<^- or NH2C(0y; 

A is -Co-4alkyl-; 

B is aryl(CH2)o.3-0-C(0)-, wherein the aryl is optionally substituted 
5 by 1-5 substituents, each substituent independently is Ci^alkyl, C3.6cycloalkyl, Ci- 
4alkoxy. trifluoromethyl, bromo, fluoro, or chloro; and 

X is H, OH. F, Ci-4alkyl, Ci-4alkoxy, NH2. or X taken with an 

adjacent bond is =0. 

10 In still another embodiment of this first aspect, the compounds of this 

invention are represented by Fonnula Q) or pharmaceutically acceptable salts thereof, 
wherein 

NonAr is a nonaromatic 6 membwed ring containing 1 nitrogen ring 

atom; 

15 HetAr is a thiadiazolyl optionally substituted with 1 or 2 substituents, 

each substituent independenUy is C^alkyl, Ci^alkoxy, C2-4alkynyl. 
trifluoromethyl, hydroxy, hydrDxyCi-4alkyl, fluoro, chloro, bromo, iodo, cyano, 
methylsulfanyl, cyclopropylethynyl-, phenylethynyl-, heteroarylethynyK-N(Co- 
4alkyl)(C(Malkyl), nitro, (Ci-2alkyl)(Ci-2alkyl)NCH2- (Ci-2alkyl)HNCH2- 

20 Si(CH3)3-C-, or NH2C(0H 

A is -Co-4alkyl-; 

B is aryI(CH2)o.3-0-C(0)-, wherein the aryl is optionally substimted 
by 1-5 substituents, each substituent independently is Ci^alkyl, C3-6cycloalkyl, Ci- 
4alkoxy, trifluoromethyl, bromo, fluoro, or chloro; and 
25 X is H. OH. F, CMalkyl, Ci^alkoxy. NH2. or X taken with an 

adjacent bond is =0. 

In yet another embodiment of this first aspect, the compounds of this 
invention are represented by Fonnula (I) or pharmaceutically acceptable salts thereof, 
30 wherein 

NonAr is a nonaromatic 6 membered ring containing 1 nitrogen ring 

atom; 

HetAr is a 5 membered heteroaromatic ring containing 2 nitrogen ring 

atoms; 
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HetAr is optionally substituted with 1 or 2 substituents, each 
substituent independently is CMalkyl, Ci.4alkoxy. C2-4alkynyl, trifluoromethyl. 
hydroxy, hydroxyCMalkyI, fluoro, chloro, bromo. iodo, cyano, methylsulfanyl, 
cyclopropylethynyl-, phenylethynyl-, heteroarylethynyl-,-N(Co-4alkyl)(CO-4alkyl). 
5 nitro, (Ci-2alkyl)(Ci.2allcyl)NCH2-. (Ci.2allcyl)HNCH2-. Si(CH3)3-C- or 
NH2C(0)-; 

A is -Co-4alkyI-; 

B is aiyl(CH2)o.3-0-C(OK wherein the aryl is optionally substituted 
by 1-5 substituents, each substituent independently is CMalkyl, C3-6cycloalkyl, Ci- 
10 4alkoxy, trifluoromethyl, bromo, fluoro, or chloro; and 

X is H, OH, F. CMalkyl, Ci-4alkoxy, NH2. or X taken with an 

adjacent bond is =0. 

Jn another embodiment of this first aspect, flie compounds of this 
15 invention are represented by Formula (I) or phaimaceutically ateceptable salts thereof, 
wheiein 

NonAr is a nonaromatic 6 membered ring containing 1 nitrogen ring 

atom: 

HetAr is a quinolinyl optionally substituted with 1 or 2 substituents, 
20 each substituent independentiy is CMalkyl, Ci^alkoxy, C2-4alkynyi, 

trifluoromethyl. hydroxy, hydroxyCi^alkyl, fluoro, chloro, bromo, iodo, cyano, 
methylsulfanyl, cyclopropylethynyl-, phenylethynyl-, heteroarylethynyl-,-N(CO- 
4alkyl)(QMalkyl), nitio, (Ci.2alkylXCi.2alkyl)NCH2-, (Ci-2alkyl)HNCH2-. 
Si(CH3)3-C- or NH2C(0)-: 
25 Ais-Co^kyH 

B is aryl(CH2)o.3-0-C(OK wherein the aryl is optionally substituted 
by 1-5 substituents, each substituent independently is CMalkyl. C3^cycloalkyl, Ci- 
4alkoxy, trifluoromethyl, bromo, fluoro. or chloro; and 

X is H, OH, F, Ci-4alkyl, Ci^alkoxy, NH2, or X taken with an 

30 adjacent bond is =0. 

In still anotho- embodiment of this first aspect, the compounds of this 
invention are represented by Formula OD or phaimaceutically acceptable salts thereof, 
wherein 
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NonAr is a nonaromatic 6 membered ring containing 1 nitrogen ring 

atom; 

HetAr is a purinyl optionally substituted with 1 or 2 substituents, each 
substituent independently is CMalkyl, Ci-4alkoxy, C2-4alkynyl, trifluoromethyl, 
5 hydroxy, hydroxyCi-4alkyl, fluoro, chloro, bromo, iodo, cyano, methylsulfanyl, 
cyclopropylethynyl--. phenylethynyl-. heteroarylethynyl-,'-N(Co-4alkyl)(Co^alkyl), 
nitro, (Ci.2alkyl)(Cl.2alkyl)NCH2- (Ci.2alkyl)HNCH2- Si(CH3)3-C., or 
NH2C(OH 

Ais-Co-4alkyl-; 

10 B is aryl(CH2)o-3-0-C(0)"' wherein the aryl is optionally substituted 

by 1-5 substituents, each substituent independently is Ci-4allcyl, Cs^cycloalkyl, Cu 
4alkoxy, trifluoromethyl, bromo, fluoro, or chloro; and 

X is H. OH, F, CMalkyl, CMalkoxy, NH2. or X taken with an 

adjacent bond is =0. 

15 

In yet still another embodiment of this first aspect, the compounds of 
this invention are represented by Formula (D or pharmaceutically acceptable salts 
thereof, wherein 

NonAr is a nonaromatic 6 membered ring containing 1 nitrogen ring 

20 atom; 

HetAr is 6 membered heteroaromatic ring containing 2 nitrogen ring 

atoms; 

HetAr is optionally substituted with 1 or 2 substituents, each 
substituent independently is Ci-4alkyl, Ci^alkoxy, C2-4alkynyl, trifluoromethyl, 
25 hydroxy, hydroxyCi^alkyl, fluoro, chloro, bromo, iodo. cyano, methylsulfanyl, 

cyclopropylethynyl-, phenylethynyl-, heteroarylethynyl-.-N(Co-4alkyl)(Co-4alkyI), 
nitio, (Ci-2alkyl)(Ci-2alkyl)NCH2-. (Ci.2alkyl)HNCH2-, Si(CH3)3-C-, or 
NH2C(0)-; 

A is •-Co-4alkyl-; 

30 B is aryl(CH2V3-O-C(0K wherein the aryl is optionally substituted 

by 1-5 substituents, each substituent independently is Ci-4alkyl» C3^cycloalkyl, Ci- 
4alkoxy, trifluoromethyl, bromo, fluoro, or chloro; and 

X is H, OH, F, Ci^kyl, Ci-4alkoxy, NH2. or X taken with an 

adjacent bond is =0, 

35 
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In yet another embodiment of this first aspect, the compounds of this 
invention are represented by Formula (I) or pharmaceutically acceptable salts thereof, 
wherein 

NonAr is a nonaromatic 6 membered ring containing 1 nitrogen ring 

5 atom; 

HetAr is a thiazolyl optionally substituted with 1 or 2 substituents, 
each substituent independently is Ci-4alkyl, C^alkoxy, C2-4alkynyl, 
trifluoiomethyl, hydroxy, hydroxyCMalkyl, fluoro, chloro, bromo, iodo, cyano, 
methylsulfanyl, cyclopropylethynyl-, phenylethynyl-, heteroaiylethynyK-N(Co. 
10 4alkyl)(Co-4alkyl), nitro, (Cl-2alkyl)(Ci.2alkyl)NCH2- (Ci-2alkyl)HNCH2- 
Si(CH3)3-C-, or NH2C(0H 

A is -Co.4alkyl-; 

B is aryl(CH2)o.3-0-C(0)-, wherein the aryl is optionally substituted 
by 1-5 substituents, each substituent independently is Ci-4alkyl, Ca^cycloalkyl, Ci- 
15 4alkoxy, trifluoromethyl, bromo, fluoro, or chloro; and 

X is H, OH, F. Ci-4alkyl. Ci-4alkoxy, NH2, or X taken with an 

adjacent bond is =0. . 

In another embodiment of this first aspect, the compounds of this 
20 invention are represented by Formula (I) or pharmaceutically acceptable salts thereof, 
wherein 

NonAr is a nonaromatic 6 membered ring containing 1 nitrogen ring 

atom; 

HetAr is a ptraidinyl optionally substituted with 1 or 2 substituents, 
25 each substituent independently is Ci-4alkyl» Ci^alkoxy, C2-4alkynyl, 

trifluoromethyl, hydroxy, hydroxyCMallcyl, fluoro, chloro, bromo, iodo, cyano, 
methylsulfanyl, cyclopropylethynyl-, phenylethynyl-, heteroarylethynyl-,-N(Co- 
4alkyl)(Co-4allcyl). nitro, (Ci.2allcyl)(Ci-2alkyl)NCH2", (Ci.2alkyl)HNCH2- 
Si(CH3)3-C- or NH2C(0H 
30 A is -Co-4alkyl-; 

B is aryl(CH2)o.3-0-C(OK wherein the aryl is optionally substituted 
by 1-5 substituents, each substituent independently is Ci-4alkyl, Cs^ecycloalkyl, Ci- 
4alkoxy, trifluoromethyl, bromo, fluoro, or chloro; and 

X is H, OH, F, CMalkyl, Ci-4alkoxy, NH2, or X taken with an 

35 adjacent bond is =0. 
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In still another embodiment of this first aspect, the compounds of this 
invention are represented by Formula (I) or.phannaceutically acceptable salts thereof, 
wherein 

5 NonAr is a nonaromatic 6 membered ring containing 1 nitrogen ring 

atom; 

HetAr is a pyrrolopyrimidinyl optionally substituted with 1 or 2 
substituents, each substituent independently is Ci-4allcyl, Ci-4alkoxy, C2-4alkynyl, 
trifluoromethyl, hydroxy, hydroxyCi-4alkyl. fluoro, chloro, bromo, iodo, cyano, 
10 methylsulfanyl, cyclopropylethynyl-, phenylethynyK heteroarylethynyl-,-N(Co- 
4aIkyl)(Co^aIkyl), nitio. (Ci-2aIkyl)(Ci-2alkyl)NCH2-, (Ci.2aIlcyl)HNCH2-. 
Si(CH3)3-C- or NH2C(0)-; 

Ais-Co-4alkyl-; 

B is aryl(CH2)o.3-0-C(0>-, wherein the aryl is optionally substituted 
15 by 1-5 substituents, each substituent independently is Ci-4alkyl, C3-6cycloalkyl, Ci- 
4alkoxy, trifluoromethyl, bromo, fluoro, or chloro; and 

X is H, OH, F, Ci-4alkyl, Ci^alkoxy, NH2. or X taken with an 

adjacent bond is =0. 

20 In still yet another embodiment of this first aspect, the compounds of 

this invention are represented by Formula (J) or phannaceutically acceptable salts 
thereof, wherein 

NonAr is a nonaromatic 6 membered ring containing 1 nitrogen ring 

atom; 

25 HetAr is a imidazopyridinyl optionally substituted with 1 or 2 

substituents, each substituent independently is CMalkyl, Ci-4alkoxy, C2-4alkynyl, 
trifluoromethyl, hydroxy, hydroxyCMalkyl, fluoro, chloro. bromo, iodo, cyano, 
methylsulfanyl, cyclopropylethynyl-, phenylethynyK heteroarylethynyl-,-N(Co- 
4alkyl)(Co-4alkyl), nitro, (Ci-2alkyl)(Ci-2alkyl)NCH2-, (Ci-2alkyl)HNCH2- 

30 Si(CH3)3-C" orNH2C(OH 

A is --Co-4alkyl-; 

B is aryl(CH2)o_3-0-C(OK whorein the aryl is optionally substituted 
by 1-5 substituents, each substituent independently is Ci-4alkyl, C3-6cycloalkyl, Ci- 
4alkoxy, trifluoromethyl, bromo, fluoro, or chloro; and 
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X is H, OH, F. CMalkyl. CMalkoxy, NH2. or X taken with an 
adjacent bond is =0. 

In yet still another embodiment of this first aspect, the compounds of 
5 this invention are represented by Formula (I) or pharmaceutically acceptable salts 
thereof, wherein 

NonAr is a nonaromatic 6 membered ring containing 1 nitrogen ring 

atom; 

HetAr is a benzimidazolyl optionally substituted with T or 2 
10 substituents, each substituent independently is Ci^alkyl, Ci-4alkoxy, C2-4alkynyl. 
trifluoromethyl, hydroxy, hydroxyCi^alkyl, fluoro, chloro, bromo, iodo, cyano, 
methylsulfanyl, cyclopropylethynyK phenylethynyl-, heteroaiylethynyK-N(Co- 
4alkyl)(C(Malkyl), nitro, (Ci.2alkyl)(Ci.2alkyl)NCH2-, (Ci.2alkyl)HNCH2-, 
Si(CH3)3-C- or NH2C(0)-; 
15 Ais-Co-4alkyl-; 

B is aryl(CH2)o.3-0-<^(OK wherein the aryl is optionally substituted 
by 1-5 substituents, each substituent independendy is Ci-4alkyl, C3-6cycloalkyl, Cl- 
4alkoxy, trifluoromethyl, bromo, fluoro, or chloro; and 

X is H, OH, F, Ci^alkyl, Ci-4alkoxy, NH2. or X taken with an 

20 adjacent bond is =0. 

In a second aspect, the compounds of this invention are represented by 
Fonnula (I) or pharmaceutically acceptable salts thereof, wherein 
25 NonAr is a nonaromatic 6 membered ring containing 1 nitrogen ring 

atom; 

HetAr is a 5 or 6 membered heteroaromatic ring containing 1-3 
nitrogen ring atoms, or isoxazolyl, tiiiazolyl, thiadiazolyl, quinolinyl, quinazolinyl, 
purinyl, pteridinyl, benzimidazolyl, pyrrolopyrimidinyl, or imidazopyridinyl; 
30 HetAr is optionally substituted with 1 or 2 substituents, each 

substituent independendy is CMalkyl, Ci-4alkoxy, C2^alkynyl, trifluoromethyl, 
hydroxy, hydroxyCi^alkyl, fluoro, chloro, bromo, iodo, cyano, methylsulfanyl, 
cyclopropylethynyl-, phenylethynyl-, heteroarylethynyl-,-N(CO-4alkyl)(Co^alkyl), 
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nitro. (Ci.2alkyl)(Ci.2alkyl)NCH2- (Ci.2alkyl)HNCH2- Si(CH3)3-C-. or 
NH2C(0)-; 

A is -Co-4alkyl-; 

B is aryl(CH2),.3-S02- wherein the aryl is optionally substituted by 
5 1-5 substituents, each substituent independently is CMalkyl, Cs^cycloalkyl, Ci- 
4alkoxy, trifluoromethyl, brorao, fluoro. or chloro; and 

X is H, OH, F, Ci-4alkyl, Ci^alkoxy, NH2. or X taken with an 

adjacent bond is =0. 

10 In an embodiment of this second aspect, the compounds of this 

invention are represented by Fonnula (I) or pharmaceuticaUy acceptable salts thereof, 
wherein 

NonAr is a nonaromatic 6 membeied ring containing 1 nitrogen ring 

atom; 

15 HetAr is a 6 membered heteroaromatic ring containing 2 nitrogen ring 

atoms; 

HetAr is optionally substituted with 1 or 2 substituents, each 
substituent independentiy is CMalkyl, Ci^oxy. C2^alkynyl, trifluoromethyl, 
hydroxy, hydroxyCi-4alkyl, fluoro, chloro, bromo, iodo, cyano, methylsulfanyl, 
20 cyclopropylethynyl-, phenylethynyl-, heteroarylethynyl-.-N(Co-4alkyl)(Co-4alkyl), 
nitro, (Ci-2alkyl)(Ci-2alkyl)NCH2-. (Ci.2alkyl)HNCH2- Si(CH3)3-C- or 
NH2C(0)-; 

A is -Co-4alkyl-; 

B is aryl(CH2)i.3-S02-, wherein the aryl is optionally substituted by 
25 1-5 substituents, each substituent independently is Ci.4alkyl. C3.6cycloalkyl, Ci- 
4alkoxy, trifluoromethyl, bromo, fluoro, or chloro; and 

X is H, OH. F. CMalkyl, Ci^alkoxy, NH2, or X taken with an 

adjacent bond is =0. 

30 In another embodiment of the second aspect, the compounds of this 

invention are represented by Formula (1) or phaimaceutically acceptable salts thereof, 
wherein 

NonAr is a nonaromatic 6 membered ring containing 1 nitrogen ring 

atom; 
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HetAr is a quinazolinyl optionally substituted with 1 or 2 substituents, 
each substituent independently is Ci^alkyl, CMalkoxy, C2-4aUcynyl. 
trifluoromethyl, hydroxy, hydroxyCi^alkyl, fluoro, chloro, bromo, iodo, cyano, 
methylsulfanyl, cyclopropylethynyl-, phenylethynyl-, heteroaiylethynyl-,-N(Co. 
5 4alkyl)(C(MalkyI), nitro, (Ci-2aIkyl)(Ci.2alkyl)NCH2-. (Ci.2alkyl)HNCH2-. . 
Si(CH3)3-^- or NH2C(0)-; 

A is -CcMalkyH 

B is aryI(CH2),.3-S02-, wherein the aryl is optionally substituted by 
1-5 substituents, each substituent independently is CMalkyl, C3.6cydoaIkyl, Ci- 
10 4alkoxy, trifluoromeihyl, bromo, fluoro, or chloro; and 

X is H, OH, F, Ci^kyl, CMalkoxy, NH2, or X taken with an 

adjacent bond is =0. 

fa yet another embodiment of the second aspect, the compounds of this 
15 invention are represented by Formula 00 or phaimaceutically acceptable salts thereof, 
wherein 

NonAr is a nonaromatic 6 membered ring containing 1 nitrogen ring 

atom; 

HetAr is purinyl optionally substituted with 1 or 2 substituents, each 
20 substituent independently is Ci.4alkyl, Ci^alkoxy, C2^alkynyl, trifluoromethyl, 
hydroxy, hydroxyCi.4aIkyl, fluoro, chloro, bromo, iodo, cyano, methylsulfanyl, 
cyclopropylethynyl-, phenylethynyl-, heteroarylethynyl-,-N(Co-4alkyl)(Co-4alkyl), 
nitro, (Ci.2alkyl)(Cl.2alkyl)NCH2-. (Ci.2alkyl)HNCH2-, Si(CH3)3-C-, or 
NH2C(0)-; 
25 A is -C0-4alkyl-; 

B is aryl(CH2)i.3-S02-, wherein the aryl is optionally substituted by 
1-5 substituents, each substituent independently is Ci-4alkyl, C3.6cycloalkyl, Ci- 
4alkoxy. trifluoromethyl, bromo, fluoro, or chloro; and 

X is H, OH, F, Ci.4alkyl, Ci^alkoxy, NH2, or X taken with an 

30 adjacent bond is =0. 

In still another embodiment of the second aspect, the compounds of 
this invention are represented by Fbrmula (I) or pharmaceutically acceptable salts 
thereof, wherein 
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NonAr is a nonaromatic 6 membered ring containing 1 nitrogen ring 

atom; 

HetAr is imidazopyridinyl optionally substituted with 1 or 2 
substituents, each substitucnt independently is Ci^alkyl, Ci^alkoxy, C2-4alkynyl, 
5 trifluoromethyl, hydroxy, hydroxyCMalkyl, fluoro, chloro, bromo, iodo, cyano, 
methylsulfanyl, cyclopropylethynyl-, phenylethynyl-, heteroarylethynyl-,-N(Co- 
4alkyl)(Co-4alkyl), nitro, (Ci.2alkyl)(Ci-2alkyl)NCH2-, (Ci-2alkyl)HNCH2-, 
Si(CH3)3-C- orNH2C(0)-; 

A is -Co-4alkyl-; 

10 B is aryl(CH2)i.3~S02-, wherein the aryl is optionally substituted by 

1-5 substituents, each substituent independently is Ci-4alkyl, C3.6cycloalkyl, Ci- 
4alkoxy, trifluoromethyl, bromo, fluoro, or chloro; and 

X is H, OH, F, CMalkyl, Ci-4alkoxy, NH2, or X taken with an 

adjacent bond is =0. 

15 

In yet still another embodiment of the second aspect, the compounds of 
this invention are represented by Formula (I) or phannaceutically acceptable salts 
thereof, wherein 

NonAr is a nonaromatic 6 membered ring containing 1 nitrogen ring 

20 atom; 

HetAr is a 6 membered heteroaromatic ring containing 1 nitrogen ring 

atom; 

HetAr is optionally substituted with 1 or 2 substituents, each 
substituent independently is Ci-4alkyl, Ci^alkoxy, C2-4^1kynyl, trifluorometiiyl, 
25 hydroxy. hydroxyCi:4alkyl, fluoro, chloro, bromo, iodo, cyano, methylsulfanyl, 

cyclopropylethynyl-, phenyletiiynyK heteroarylethynyl-,-N(Co-4alkyl)(Co-4alkyl), 
nitro. (Ci-2alkyl)(Ci.2alkyl)NCH2- (Ci.2alkyl)HNCH2- Si(CH3)3-C-, or 
NH2C(0H 

A is -C0-4alkyl-; 

30 B is aryl(CH2)i.3-S02^-, wherein tfie aryl is optionally substituted by 

1-5 substituents, each substituent independentiy is Ci-4alkyl, C3.6cycloalkyl, Ci- • 
4alkoxy, trifluoromethyl, bromo, fluoro, or chloro; and 

X is H, OH, F, Ci-4alkyl, Ci^alkoxy, NH2. or X taken with an 

adjacent bond is =0. 

35 
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In a third aspect, the compounds of this invention are represented by 
Formula Q) or pharmaceutically acceptable salts thereof, wherein 

NonAr is a nonaromatic 5 membered ring containing 1 nitrogen ring 

5 atom; 

HetAr is a 5 or 6 membered heteroaromatic ring containing 1-3 
nitrogen ring atoms, or isoxazolyl, diiazolyl, thiadiazolyl, quinolinyl, quinazolinyl, 
purinyl. pteridinyl, benzimidazolyl, pyrrolopyrimidinyl. or imidazopyridinyl; 

HetAr is optionally substituted with 1 or 2 substituents; each 
10 substituent independenfly is CMalkyl. trifluoromethyl, hydroxy, hydroxyCi^alkyl, 
fluoro. chloro. bromo, iodo, cyano, methylsulfanyl, amino, nitro, (Ci.2alkyl)(Cl- 
2alkyl)NCH2- (Ci.2alkyl)HNCH2-, or NH2C(0H 

A is -Co-4alkyl-; 

B is aryl(CH2)o.3-0-C(0>-, wherein the aryl is optionally substituted 
15 by 1-5 substituents, each substituent independently is Ci^alkyl, Cs^cycloalkyl, Ci- 
4alkoxy, trifluoromethyl, bromo, fluoro, or chloro; and 

X is H, OH, F, Ci^alkyl, Ci-4alkoxy, NH2, or X taken with an 

adjacent bond is =0. 

20 fa an embodiment of the third aspect, the compounds of this invention 

are repi^ented by Formula (I) or phannaceutically acceptable salts thereof, wherein 
NonAr is a nonaromatic 5 membered ring containing 1 nitrogen ring 

atom; 

HetAr is a 6 membered heteroaromatic ring containing 2 nitrogen ring 

25 atoms; 

HetAr is optionally substituted with 1 or 2 substituents, each 
substituent independenUy is CMalkyl, trifluoromethyl, hydroxy, hydroxyCi^alkyl, 
fluoro, chloro, bromo, iodo, cyano, methylsulfanyl, amino, nitro, (Ci.2alkyl)(Ci- 
2alkyI)NCH2-. (Ci.2aIkyl)HNCH2- or NH2C(0)-; 

30 A is -Co.4alkyl-; 

B is aryl(ai2)o.3-0-C(0)-, wherein the aryl is optionally substituted 
by 1-5 substituents, each substiment independently is CMalkyl. C3-6cycloalkyl, Ci- 
4alkoxy, trifluoromethyl, bromo, fluoro, or chloro; and 

X is H, OH, F. Ci-4allcyl. CMalkoxy. NH2. or X taken with an 

35 adjacent bond is =0. 
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In another embodiment of the third aspect, the compounds of this 
invention are represented by Formula (D or pharmaceutically acceptable salts thereof, 
wherein 

5 NonAr is a nonaromatic 5 membated ring containing 1 nitrogen ring 

atom; 

HetAr is pteiidinyl optionally substituted with 1 or 2 substituents. each 
substituent independently is CMalkyl, CMalkoxy, C2^kynyl. trifluoromethyl, 
hydroxy, hydroxyCiUalkyl, fluoro, chloro, bromo, iodo, cyano. methylsulfanyl, 
10 cyclopropylethynyl-, phenylethynyl-, heteroarylethynyl-,-N(Co-4alkyl)(Co^alkyl), 
nitro, (Cl.2alkyl)(Cl.2allcyl)NCH2- (Cl.2alkyl)HNCH2- Si(CH3)3-C-. or 
NH2C(0)-; 

A is -C0-4alkyl-; 

B is aryl(CH2)o.3-0-C(OK wherein the aryl is optionaUy substituted 
15 by 1-5 substituents, each substituent independenUy is CMalkyl. C3-6cycloalkyl, Ci- 
4alkoxy, trifluoromethyl, bromo, fluoro, or chloro; and 

X is H, OH, F. CMalkyl, Ci^koxy, NH2, or X taken with an 

adjacent bond is =0. 

20 In stai another embodiment of the third aspect, the compounds of this 

invention ate represented by Formula CD or pharmaceutically acceptable salts thereof, 
wherein 

NonAr is a nonaromatic 5 membered ring containing 1 nitrogen ring 

atom; 

25 HetAr is purinyl optionally substituted with 1 or 2 substituents, each 

substituent independenUy is CMalkyl. CMalkoxy, C2^alkynyl, trifluoromethyl, 
hydroxy. hydroxyCMalkyl, fluoro, chloro, bromo, iodo, cyano, methylsulfanyl, 
cyclopropylethynyl-, phenylethynyl-, heteroarylethynyl-,-N(C(Malkyl)(C0-4alkyl), 
nitix), (Ci.2alkyl)(Ci.2alkyl)NCH2- (Ci-2alkyl)HNCH2-. Si(CH3)3-0. or 

30 NH2C(0)-; 

Ais-Co-4alkyH 

B is aryl(CH2)o.3-0-C(0>-, wherein the aryl is optionally substituted 
by 1-5 substituents, each substituent independenfly is CMalkyl. Cs^cloOkyl Ci- 
4alkoxy, trifluoromethyl, bromo, fluoro, or chloro; and 
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X is H, OH, Ci^alkyl. Ci-4alkoxy, NH2, or X taken with an 
adjacent bond is =0. 

In still another embodiment of the third aspect, the compounds of this 
5 invention are represented by Formula (I) or pharmaceutically acceptable salts thereof, 
wherein 

NonAr is a nonaromatic 5 membered ring containing I nitrogen ring 

atom; 

HetAr is benzimidazolyl optionally substituted with 1 or 2 substituents, 
10 each substituent independently is CMalkyl, Ci-4alkoxy, C2-4alkynyl, 

trifluoromethyl, hydroxy, hydroxyCi^alkyl, fluoro, chloro, bromo, iodo, cyano, 
methylsulfanyl, cyclopropylethynyl-, phenylethynyl-, heteroaryIethynyK-N(Co. 
4alkyl)(Co-4alkyl), nitro. (Ci.2allcyl)(Ci.2allcyl)NCH2-. (Ci-2aUcyl)HNCH2-, 
Si(CH3)3-C-, or NH2C(0)-; 
15 Ais-Co-4alkyl-; 

B is aryl(CH2)o.3-<X^(0>-» wherein the aryl is optionally substituted 
by 1-5 substituents, each substituent independently is Ci^alkyl, C3-6cycloalkyl, Ci- 
4alkoxy, trifluoromethyl, bromo, fluoro, or chloro; and 

X is H, OH, F, Ci-4alkyl, Ci^alkoxy, NH2, or X taken with an 

20 adjacent bond is =0. 

In a fourth aspect, the compounds of this invention are represented by 
Fonnula (I) or pharmaceutically acceptable salts thereof, wherein 
NonAr is an aza bicyclo octane ring; 
25 HetAr is a 5 or 6 membered heteroaromatic ring containing 1-3 

nitrogen ring atoms, or isoxazolyl, thiazolyl, thiadiazolyl, quinolinyl, quinazolinyl, 
purinyl, pteridinyl, benzimidazolyl, pyrrolopyrimidinyl, or imidazopyridinyl; 

HetAr is optionally substituted with 1 or 2 substituents, each 
' substituent independently is CMalkyl, CMalkoxy, C2^alkynyl, trifluoromethyl, 
30 hydroxy, hydroxyCi^alkyl, fluoro, chloro, bromo, iodo, cyano, methylsulfanyl. 

cyclopropylethynyl-, phenylethynyl-, heteroarylethynyl-,-N(CO-4alkyl)(Co^alkyl), 
nitro, (Ci.2alkyl)(Ci-2alkyl)NCH2- (Ci-2alkyl)HNCH2- Si(CH3)3-C^, or 
NH2C(OH 

A is -Co^alkyl-; 
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B is aryl(CH2)o-3-0-C(0)-, wherein the aryl is optionally substituted 
by 1-5 substituents, each substituent independently is Ci-4alkyl, C3-6cycloalkyI, Ci- 
4alkoxy, trifluoronaethyl, bromo, fluoro, or chloro; and 

X is H, OH. F. CMalkyl, CMalkoxy, NH2. or X taken with an 

5 adjacent bond is sK). 

In an embodiment of the fourth aspect, the compounds of this 
invention are represented by Formula (1) or pharmaceutically acceptable salts thereof, 
wherein 

10 NonAr is an aza bicyclo octane ring; 

HetAr is a 6 membered heteroaromatic ring containing 1 nitrogen ring 

atom; 

HetAr is optionally substituted with 1 or 2 substituents, each 
substituent independently is CMalkyl, Ci^alkoxy, C2.4aUcynyl, trifluoromethyl, 
15 hydroxy, hydroxyCi^alkyl, fluoro, chloro, bromo, iodo, cyano, methylsulfanyl, 

cyclopropylethynyl-, phenylethynyl-, heteroarylethynyl-,-N(Co-4alkyl)(Co^alkyl), 
nitro, (Ci-2allcyl)(Ci-2alkyl)NCH2- (Ci-2alkyl)HNCH2- Si(CH3)3-^-. or 
NH2C(0)-; 

A is -Co.4alkyl-; 

20 B is aryl(CH2)o.3"-0-C(0)-. wherein the aryl is optionally substituted 

by 1-5 substituents, each substituent independently is Ci-4alkyl, C3-6cycloalkyl, Ci- 
4alkoxy, trifluoromethyl, bromo, fluoro, or chloro; and 

X is H, OH, F, CMalkyl, CMalkoxy, NH2, or X taken with an 

adjacent bond is =0. 

25 

In another ennbodiment of the fourth aspect, ttie compounds of this 
invention are represented by Formula (I) or phannaceutically acceptable salts thereof, 
wherein 

NonAr is an aza bicyclo octane ring; 
30 HetAr is purinyl optionally substituted with 1 or 2 substituents, each 

substituent independenUy is Ci-4alkyl, CMalkoxy, C2-4alkynyl, trifluoromethyl, 
hydroxy, hydroxyCMalkyl, fluoro, chloro, bromo, iodo, cyano, methylsulfanyl, 
cyclopropylethynyK phenylethynyl-. heteroaryletiiynyl-,-N(Co^alkyl)(Co-4alkyl), 
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nitro, (Ci.2alkyl)(Ci-2alkyl)NCH2- (Ci.2alkyl)HNCH2-. Si(CH3)3-C-, or 
NH2C(0)-; 

A is -<:o-4aIkyl-; 

B is aryl(CH2)o.3-CM:(0)-, wherein the aryl is optionally substituted 
5 by 1-5 substituents, each substituent independenUy is Ci^alkyl, C3-6cycloalkyl, Ci. 
4alkoxy, trifluoromethyl, bromo, fluoro, or chloro; and 

X is H, OH, F, CMalkyl, Ci^alkoxy, NH2, or X taken with an 

adjacent bond is =0. 

10 In still another embodiment of the fourth aspect, the compounds of this 

invention are represented by Formula (I) or pharmaceutically acceptable salts thereof, 
wherein 

NonAr is an aza bicyclo octane ring; 

HetAr is a 6 membered heteroaromatic ring containing 2 nitrogen ring 

IS atom; 

HetAr is optionally substituted with 1 or 2 substituents, each 
substituent independently is Ci^alkyl, Ci-4alkoxy, C2-4alkynyl, trifluoromethyl. 
hydroxy, hydroxyCi^alkyl, fluoro, chloro, bromo, iodo,xyano, methylsulfanyl, 
cyclopropylethynyl-, phenylethynyl-, heteroarylethynyl-,-N(CO-4allcyl)(Co-4alkyl), 
20 nitit), (Ci.2aUcyl)(Ci-2alkyl)NCH2- (Ci.2alkyl)HNCH2- Si(CH3)3-C-. or 
NH2C(0)-; 

A is -Co-4alkyH 

B is aryl(CH2V3-0-C(0)-. wherein the aryl is optionally substituted 
by 1-5 substituents, each substituent independently is Ci^alkyl, C3-6cycloalkyl, Ci- 
25 4alkoxy, trifluoromethyl, bromo, fluoro, or chloro; and 

X is H, OH, F, CMalkyl, Ci-4alkoxy, NH2i or X taken with an 

adjacent bond is =0. 

In a fifth aspect, the compounds of this invention are represented by 
30 Formula (T) or pharmaceutically acceptable salts thereof, wherein 
NonAr is an aza bicyclo octane ring; 

HetAr is a 5 or 6 membered heteroaromatic ring containing 1-3 
nitrogen ring atoms, or isoxazolyl, thiazolyl, thiadiazolyl, quinolinyl, quinazolinyl, 
purinyl, pteridinyl, benzimidazqlyl, pyrrolopyrimidinyl, or imidazopyridinyl; 
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HetAr is optionally substituted with 1 or 2 substituents, each 
substituent independently is CMalkyl. Ci-4alkoxy, C2-4alkynyl, trifluoromethyl. 
hydroxy, hydioxyCi-4alkyl, fluoro, chloro, bromo, iodo, cyano, methylsulfanyl, 
cyclopropylethynyl-.phenylethynyl-,heteroarylethynyl-.-N(Co-4alkyl)(Co-4alkyl), 

5 nitro, (Ci.2alkyl)(Ci-2alkyl)NCH2-. (Ci-2alkyl)HNCH2- Si(CH3)3-C-. or 
NH2C(0)-; 

A is -Co-4alkyl-; 

B is aryl(CH2)i.3-S02-, wherein the aryl is optionally substituted by 
1-5 substituents, each substituent independently is Ci.4alkyl, C3-6cycloalkyl, Ci- 
10 4alkoxy, trifluoromethyl, bromo, fluoro, or chloro; and 

X is H. OH, F, Ci^alkyl, Ci.4alkoxy, NH2, or X taken with an 

adjacent bond is =0. 

In an embodiment of the fifth aspect, the compounds of this invention 
15 are represented by Formula (I) or pharmaceutically acceptable salts thereof, wherein 
NonAr is an aza bicyclo octane ring; 

HetAr is a 6 membered heteroaromatic ring containing 2 nitrogen ring 

atom; 

HetAr is optionally substituted witii 1 or 2 substituents, each 
20 substitiaent independentiy is Ci-4alkyl. Ci-4alkoxy, C2-4alkynyl, trifluoromethyl, 
hydroxy, hydroxyC Malkyl, fluoro, chloro, bromo, iodo, cyano, methylsulfanyl, 
cyclopropylettiynyl-, phenylethynyl-, heteroarylethynyl-,-N(Co-4alkyl)(CO-4alkyl), 
nitro, (Ci.2alkyl)(Ci.2alkyl)NCH2-, (Ci.2alkyl)HNCH2-. Si(CH3)3-C-. or 
NH2C(0)-; 
25 A is -QMalkyl-; 

B is aryl(CH2)i.3-S02-, whereui the aryl is optionally substituted by 
1-5 substituents, each substituent independentiy is Ci^alkyl, C3-6cycloalkyl, Ci- 
4alkoxy, trifluoromethyl, bromo, fluoro, or chloro; and 

X is H, OH, F, CMalkyl, Ci-4alkoxy. NH2, or X taken with an 

30 adjacent bond is =0. 

In a sixth aspect, the compounds of this invention are represented by 
Formula (I) or pharmaceutically acceptable salts thereof, wherein 

NonAr is a nonaromatic 6 membered ring containing 1 nitiragen ring 

35 atom; 
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HetAr is a S or 6 membered heteroaromatic ring containing 1-3 
nitrogen ring atoms, or isoxazolyl. thiazolyl, thiadiazolyl, quinolinyl. quinazoUnyl. 
purinyl, pteridinyl. benzimidazolyl, pyirolopyrimidinyl, or imidazopyridinyl; 

HetAr is optionally substituted witii 1 or 2 substituents, each 
5 substituent independently is Ci.4alkyl, Ci^alkoxy, C2-4alkynyl. trifluoromethyl, 
hydroxy, hydroxyCi.4alkyl. fluoro, chloro, bromo, iodo, cyano, methylsulfanyl. 
cycIopropyletiiynyl-.phenylethynyl-;heteroarylethynyl-,-N(Co-4alkyl)(Co.4alkyl), 
nitro. (Ci-2alkyl)(Cl-2alkyl)NCH2-. (Cl.2aUcyl)HNCH2- Si(CH3)3-C-. or 
NH2C(0)-; 
10 A is -Co-4alkyl-; 

B is heteroaryl(CH2)i.3-C(0)-. wherein the heteroaryl is optionaUy 
substituted by 1-5 substituents, each substituent independently is Ci^alkyl, C3. 
ficycloalkyi, Ci.4alkoxy, trifluoromethyl, bromo, fluoro, or chloro; and 

X is H, OH, F. CMalkyl, Ci-4alkoxy, NH2, or X taken with an 

15 adjacent bond is =0. 

In an embodiment of the sixth aspect, die compounds of tiiis invention 
are represented by Formula (I) or phamiaceutically acceptable salts thereof, wherein 
NonAr is a nonaromatic 6 membered ring containing 1 nitirogen ring 

20 atom; 

HetAr is a 6 membered heteroaromatic ring containing 2 nitrogen ring 

atom; 

HetAr is optionally substituted witii 1 or 2 substitiients, each 
substituent independentiy is Ci.4alkyl, Ci^oxy. C2-4alkynyl, trifluoromethyl, 
25 hydroxy, hydroxyCi.4alkyl, fluoro, chloro, bromo, iodo, cyano, methylsulfanyl, 
cyclopiopylethynyl-, phenylethynyl-, heteroarylethynyl-,-N(Co-4alkyl)(Co-4alkyl), 
nitio. (Ci.2alkyl)(Ci-2alkyl)NCH2- (Ci.2alkyl)HNCH2-, Si(CH3)3-C-. or 
NH2C(0H 

A is -Co-4alkyI-; 

30 B is heteroaryl(CH2)i.3-C(OK wherein the heteroaryl is optionaUy 

substituted by 1-5 substituents, each substituent independently is CMalkyl, C3- 
6cycloalkyl, Ci-4alkoxy, trifluoromethyl, bromo, fluoro, or chloro; and 

X is H, OH, F, Ci-4alkyl. Ci^alkoxy, NH2, or X taken with an 

adjacent bond is =0. 
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In a seventh aspect, the compounds of this invention are leprcsented by 
Formula (I) or phannaceutically acceptable salts thereof, wherein 

NonAr is a nonaromatic 6 membered ring containing 1 nitrogen ring 

atom; 

5 HetAr is a 5 or 6 membered heteroaromatic ring containing 1-3 

nitrogen ring atoms, or isoxazolyl, thiazolyl, thiadiazolyl, quinolinyl, quinazolinyl, 
purinyl, pteridinyl, benzimidazolyl, pyrrolopyrimidinyl, or imidazopyridinyl; 

HetAr is optionally substituted with 1 or 2 substituents, each 
substituent independently is Ci-4alkyl, Ci^alkoxy, C2^alkynyl, trifluoromethyl, 

10 hydroxy, hydroxyCi-4alkyl, fluoro, chloro, bromo, iodo, cyano, methylsulfanyl, 
cyclopropylethynyl-,phenylethynyl-,.heteroarylethynyl-,-N(Co-^ 
nitro, (Ci.2allcyl)(Ci.2alkyl)NCH2-, (Ci-2alkyl)HNCH2-, Si(CH3)3-Cs or 
NH2e(0)-; 

A is -C0-4alkyl-; 

15 B is aryl(CH2)i.3-C(OK wherein the aryl is optionally substituted by 

1-5 substituents, each substituent independently is Ci-4alkyl, C3-6cycloalkyl, Ci- 
4alkoxy, trifluoromethyl, bromo, fluoro, or chloro; and 

X is H, OH, F, Ci^alkyl, CMalkoxy, NH2, or X taken with an 

adjacent bond is =0. 

20 

In an embodiment of the seventh aspect, the compounds of this 
invention are represented by Formula (J) or phannaceutically acceptable salts thereof, 
wherein 

NonAr is a nonaromatic 6 membered ring containing 1 nitrogen ling 

25 atom; 

HetAr is 6 membered heteroaromatic ring containmg 2 nitrogen ring 

atom; 

HetAr is optionally substituted with 1 or 2 substituents, each 
substituent independently is CMalkyl, CMalkoxy, C2^alkynyl, trifluoromethyl, 
30 hydroxy, hydroxyCi^alkyl, fluoro, chloro, bromo, iodo, cyano, methylsulfanyl, 

cyclopropylethynyl- phenylethynyK heteroarylethynyl-,-N(Co.4alkyl)(Co^alkyl), 
nitro. (Ci-2alkyl)(Ci.2alkyl)NCH2- (Ci.2alkyl)HNCH2-, Si(CH3)3'-C- or 
NH2C(0)-; 

Ais-Co-4alkyH 
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B is aryl(CH2)i.3-C(0)-, wherein the aryl is optionally substituted by 
1-5 substituents, each substituent independently is Ci-4alkyl, Cs-ecycloalkyl, Ci- 
4alkoxy, tiifluoromethyl, bromo, fluoro, or.chloro; and 

X is H. OH, F. CMalkyl, Ci^alkoxy, NH2, or X taken with an 

5 adjacent bond is =0. 

In an eighth aspect, the compounds of this invention are represented by 
Formula (I) or pharmaceutically acceptable salts thereof, wherein 

NonAr is a nonaromatic 6 membered ring containing 1 nitrogen ring 

10 atom; 

HetAr is a 5 or 6 membered heteroaromatic ring containing 1-3 
nitrogen ring atoms, or isoxazolyl, thiazolyl, thiadiazolyl, quinolinyl, quinazolinyl, 
purinyl, pteridinyl, benzimidazolyl, pyrrolopyrimidinyl, or imidazopyridinyl; 

HetAr is optionally substituted witti 1 or 2 substituents, each 
15 substituent independenfly is CMalkyl, Ci-4alkDxy, C2-4alkyriyI. trifluoromethyl, 
hydroxy, hydroxyCMalkyl, fluoro, chloro, bromo, iodo, cyano, methylsulfanyl, 
cyclopropyletiiynyl-. phenylethynyl-, heteroarylethynyl-,-N(Co-4alkyl)(Co-4alkyl), 
nitro, (Ci-2alkyl)(Ci.2alkyl)NCH2-, (Ci.2alkyl)HNCH2-. Si(CH3)3-C-. or 
NH2C(0)-; 
20 A is -Co.4alkyl-; 

B is aryl-cyclopropyl-C(0>-, wherein the aryl is optionally substituted 
by 1-5 substituents, each substituent independently is Ci^alkyl, C3^cycloalkyl, Ci. 
4alkoxy, trifluoromethyl, bromo, fluoro, or chloro; and 

X is H, OH, F, Ci-4alkyl, C^alkoxy, NH2. or X taken with an 

25 adjacent bond is =0. 

In an embodiment of the eighth aspect, tiie compounds of this 
invention are represented by Formula (I) or pharmaceutically acceptable salts thereof, 
wherein 

30 NonAr is a nonaromatic 6 membered ring containing 1 nitrogen ring 

atom; 

HetAr is a 6 membered heteroaromatic ring containing 2 nitrogen ring 

atoms; 
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HetAr is optionally substituted with 1 or 2 substituents, each 
substituent independently is CMalkyl, Ci-4alkoxy, C2-4alkynyl. trifluoromethyl. 
hydroxy, hydroxyCi^alkyl, fluoro, chloro. bromo, iodo, cyano, methylsulfanyl, 
cyclopropylethynyl-.phenylethynyl-, heteroarylethynyl--N(Co-4alkyl)(CO-4alkyl). 
5 nitro. (Ci.2alkyl)(Ci.2alkyl)NCH2-. (Ci.2alkyl)HNCH2-. Si(CH3)3-<:- or 
NH2C(0)-; 

A is -Co-4alkyl-; 

B is aryl-cyclopropyl-C(0)-, wherein the aiyl is optionally substituted 
by 1-5 substituents, each substituent independently is CMalkyl, C3-6cycloalkyl. Ci- 
10 4alkoxy, trifluoromethyl, bromo, fluoro, or chloro; and 

X is H, OH, F, Ci^alkyl, Ci^oxy. NH2, or X taken witix an 

adjacent bond is =0. 

In an embodiment of the eighth aspect, the compounds of this 
15 invention are represented by Formula © or pharmaceutically acceptable salts thereof, 
wherein 

NonAr is a nonaromatic 6 membered ring containing 1 nitrogen ring 

atom; 

HetAr is a pyiimidinyl ring optionally substituted witii 1 or 2 
20 substituents, each substitoent independentiy is CMalkyl, Ci^alkoxy, C2.4alkynyl, 
trifluorometiiyl. hydroxy, hydroxyCi^alkyl, fluoro, chloro, bromo, iodo. cyano, 
methylsulfanyl, cyclopropylethynyl-. phenyletiiynyl-, heteroarylethynyl-,-N(Co- 
4alkyl)(Co.4alkyl). nitro, (Ci.2alkylXCl.2alkyl)NCH2-, (Ci.2alkyl)HNCH2-, 
Si(CH3)3-C-, orNH2C(0>-; 
25 A is -Co.4allcyl-; 

B is aryl-cyclopropyl-C(0>-, wherein the aryl is optionally substituted 
by 1-5 substituents. each substituent independentiy is Ci^kyl, C3-6cycloalkyl, Ci- 
4alkoxy, trifluoromethyl, bromo, fluoro, or chloro; and 

X is H, OH, F, CMalkyl, CMalkoxy. NH2. or X taken witii an 

30 adjacent bond is =0. 

In anotiier embodiment of the eightii aspect, tiie compounds of titis 
invention are represented by Formula (D or pharmaceutically acceptiJble salts tiiereof, 
. wherein 
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NonAr is a nonaxomatic 6 membered ring containing 1 nitrogen ring 

atom; 

HetAr is a pyrazinyl ring optionally substituted with 1 or 2 
substituents, each substituent independently is CMalkyl, Ci-4alkoxy, C2^alkynyl, 
5 trifluoromethyl, hydroxy, hydroxyCMalkyl, fluoro, chloro, bromo, iodo, cyano, 
methylsulfanyl, cyclopropylethynyl-, phenylethynyK heteroarylethynyK-N(Co- 
4alkyl)(Co-4alkyl). nitre, (Ci-2alkyl)(Ci.2alkyl)NCH2- (Ci.2alkyl)HNCH2-, 
Si(CH3)3-C- or NH2C(0>-; 

Ais-Co-4alkyl-; 

10 B is aryl-cyclopropyl-C(OK wherein the aryl is optionally substituted 

by 1-5 substituents, each substituent independently is Ci-4alkyl, C3-6cycloalkyl, Ci- 
4alkoxy, trifluoromethyl, bromo, fluoro, or chloro; and 

X is H, OH, F, Ci-4alkyl, Ci-4alkoxy, NH2, or X taken with an 

adjacent bond is =0. 

15 

In still another embodiment of the eighth aspect, the compounds of this 
invention are represented by Formula (I) or pharmaceutically acceptable salts thereof, 
wherein 

NonAr is a nonaromatic 6 membered ring containing 1 nitrogen ring 

20 atoni; 

HetAr is pyridazinyl ring optionally substituted with 1 or 2 
substituents, each substituent independently is Ci-4alkyl, Ci-4alkoxy, C2^alkynyl, 
trifluorometiiyl, hydroxy, hydroxyCMalkyl, fluoro, chloro, bromo, iodo, cyano, 
methylsulfanyl, cyclopropylethynyl-, phenylethynyl- heteroarylethynyK-N(Co- 
25 4aIkyl)(Co-4alkyl), nitro, (Ci-2alkyl)(Ci.2alkyl)NCH2-, (Ci-2alkyl)HNCH2-. 
Si(CH3)3-C-, or NH2C(0)-; 

Ais-Co^alkyl-; 

B is aryl-cyclopropyl-C(0)-, wherein the aryl is optionally substituted 
by 1-5 substituents, each substituent independently is Ci-4alkyl, C3-6cycloalkyl, Ci- 
30 4alkoxy, trifluoromethyl, bromo, fluoro, or chloro; and 

X is H, OH, F, Ci-4alkyl, Ci-4alkoxy, NH2, or X taken with an 

adjacent bond is =0. 
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In another embodiment of the eighth aspect, the compounds of this 
invention are represented by Fonnula Q) or pharmaceutically acceptable salts thereof, 
wherein 

NonAr is a nonaromatic 6 membered ring containing 1 nitrogen ring 

5 atom; 

HetAr is a pyridyl ring optionally substituted with 1 or 2 substituents, 
each substituent independently is CMalkyl, Ci-4alkoxy, C2-4alkynyl, 
trifluoromethyl, hydroxy, hydroxyCMalkyl, fluoro, chloro, bromo, iodo, cyano. 
methylsulfanyl, cyclopropylethynyl-, phenylethynyl-, heteroarylethynyl-,-N(Co. 
10 4alkyl)(Co^alkyl). nitro, (Ci.2alkyl)(Ci.2alkyl)NCH2-. (Ci.2alkyl)HNCH2-, 
Si(CH3)3-<^- or NH2C(0)-; 

A is -Co-4alkyl-; 

B is aryl-cyclopropyl-C(OK wherein the aryl is optionally substituted 
by 1-5 substituents, each substituent mdependently is Ci.4alkyl, Cs-ecycloalkyl, Ci- 
15 4alkoxy, trifluoromethyl, bromo, fluoro, or chloro; and 

X is H, OH, F, Ci-4alkyl, Ci-4alkoxy, NH2. or X taken with an 

adjacent bond is =0. 

In a ninth aspect, the compounds of this invention are represented by 
20 Fonnula (I) or pharmaceutically acceptable salts thereof, wherein 

NonAr is a nonaromatic 6 membered ring containing 1 nitrogen ring 

atom; 

HetAr is a 5 or 6 membered heteroaromatic ring containing 1-3 
nitrogen ring atoms, or isoxazolyl, thiazolyl, thiadiazolyl, quinolinyl. quinazolinyl, 
25 purinyl, pteridinyl, benzimidazolyl, pyrrolopyrimidinyl, or imidazopyridinyl; 

HetAr is optionally substituted with 1 or 2 substituents, each 
substituent independently is CMalkyl, C^alkoxy, C2^alkynyl, trifluoromethyl, 
hydroxy, hydroxyCMalkyl. fluoro, chloro, bromo, iodo, cyano, methylsulfanyl, 
cyclopropylethynyl-, phenylethynyl-, heteroarylethynyl-,-N(Co-4alkyl)(Co^alkyl), 
30 nitro, (Ci.2alkyl)(Ci.2alkyl)NCH2-. (Ci.2alkyl)HNCH2- Si(CH3)3-C- or 
NH2C(0)-; 

A is -<:o-4alkyl-; 

B is heteroaryl(CH2),.3-0-C(0)-, wherein the heteroaryl is optionally 
substituted by 1-5 substituents, each substituent independently is Ci-4alkyl, C3. 
35 6cycloalkyl, CMalkoxy, trifluoromethyl, bromo, fluoro, or chloro; and 



-26- 



wo 02/068409 



PCTAIS02/05226 



X is H. OH. F, CMalkyl. CMalkoxy, NH2t or X taken with an 
adjacent bond is =0. 

In an embodiment of the ninth aspect, the compounds of this invention 
5 are represented by Foraiula (I) or pharmaceutically acceptable salts thereof, wherein 
NonAr is a nonaromatic 6 membered ring containing 1 nitrogen ring 

atom; 

HetAr is a 6 membered heteroaromatic ring containing 1 nitrogen ring 

atom; 

10 HetAr is optionally substituted with 1 or 2 substituents. each 

substituent independenUy is CMalkyl, Ci.4alkoxy, C2-4alkynyl, trifluoromethyl. 
hydroxy, hydroxyCMalkyl, fluoro, chloro, bromo, iodo, cyano, methylsulfanyl, 
cyclopropylethynyl-, phenylethynyl-, heten)arylethynyl-.-N(Co^alkyl)(C(Malkyl), 
nitro, (Ci.2alkyl)(Ci-2alkyl)NCH2- (Ci.2alkyl)HNCH2". Si(CH3)3-C-. or 

15 NH2C(0H 

A is -Co-4alkyH 

B is heteroaryl(CH2)i.3-CM:(OK wherein the heteroaryl is optionally 
substituted by 1-5 substituents, each substituent independently is Cl-4alkyl, C3. 
ecycloalkyl, CMalkoxy, trifluoromethyl, bromo, fluoro, or chloro; and 
20 X is H, OH, F, Ci^alkyl. CMalkoxy. NH2, or X taken with an 

adjacent bond is =0. 

In a tenth aspect, the compounds of this invention are represented by 
Formula (I) or pharmaceutically acceptable salts thereof, wherein 
25 NonAr is a nonaromatic 6 membered ring containing 1 nitrogen ring 

atom; 

HetAr is a 5 or 6 membered heteroaromatic ring containing 1-3 
nitrogen ring atoms, or isoxazolyl, thiazolyl, thiadiazolyl, quinolinyl, quinazolinyl, 
purinyl, pteridinyl, benzimidazolyl, pyrrolopyrimidinyl. or imidazopyridinyl; 
30 HetAr is optionally substituted with 1 or 2 substituents, each 

substituent independently is CMalkyl, Ci-4alkoxy, C2^alkynyl, trifluoromethyl, 
hydroxy, hydroxyCMalkyl, fluoro, chloro, bromo, iodo, cyano. methylsulfanyl, 
cyclopropylethynyl-, phenylethynyl-, heteroarylethynyl-,-N(Co-4alkyl)(Co-4alkyl), 
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nitro, (Ci.2alkyl)(Ci.2allcyl)NCH2-, (Ci.2alkyl)HNCH2-, Si(CH3)3-C-. or 
NH2C(0)-; 

A is -Co-4alkyl-; 

B is aryl(CH2)i.3-NH-C(NCN)^, wherein the aryl is optionally 
5 substituted by 1-5 substituents, each substituent independently is Ci-4alkyl, C3- 
6cycloalkyl, Ci-4alkoxy, trifluoromethyl, bromo, fluoro, or chloro; and 

X is H, OH, F, CMalkyl, CMalkoxy, NH2, or X taken with an 

adjacent bond is =0. 

10 In an embodiment of the tenth aspect, the compounds of this invention 

are represented by Formula (I) or pharmaceutically acceptable salts thereof, wherein 
NonAr is a nonaromatic 6 membered ring containing 1 nitrogen ring 

atom; 

HetAr is a 6 membered heteroaromatic ring containing 1 nitrogen ring 

15 atom; 

HetAr is optionally substituted with 1 or 2 substituents, each 
substituent independently is Ci-4alkyl, Ci-4alkoxy, C2^alkynyl, trifluoromethyl, 
hydroxy, hydroxyCi^alkyl. fluoro, chloro, bromo, iodo, cyano, methylsulfanyl, 
cyclopropylethynyl-, phenylethynyl-, heteroarylethynyK-N(Co^alkyl)(CO-4alkyl). 
20 nitro, (Ci.2alkyl)(Ci.2alkyl)NCH2- (Ci-2alkyl)HNCH2- Si(CH3)3-C- or 
NH2C(OH 

A is -Co^alkyH 

B is aryl(CH2)i.3-NH-C(NCN>-, wherem the aryl is optionally 
substituted by 1-5 substituents, each substituent independently is Cl-4alkyl. C3- 
25 gcycloalkyl, Ci^alkoxy, trifluoromethyl, bromo, fluoro, or chloro; and 

X is H. OH, F, Ci-4alkyl, Ci^alkoxy, NH2, or X taken with an 

adjacent bond is sO. 

As used heiein, "alkyl" as well as other groups having the prefix "alk" 
30 such as, for example, alkoxy, alkanoyl, alkenyl, alkynyl and the Uke, means carbon 
chains which may be linear or branched or combinations thereof. Examples of alkyl 
groups include methyl, ethyl, propyl, isopropyl, butyl, sec- and te£t-butyl, pentyl, 
hexyl, heptyl and the Uke. " Alkenyl", "alkynyl" and other Uke terms include carbon 
chains containing at least one unsaturated C-C bond. 
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Tlie term "cycloalkyr means carbocycles containing no heteroatoms, 
and includes mono-, bi- and tricyclic saturated caibocycles, as well as fused ring 
systems. Such fused ring systems can include one ring that is partially or fully 
unsaturated such as a benzene ring to form fused ring systems such as benzofused 
5 carbocycles. Cycloalkyl includes such fused ring systems as spirofused ring systems. 
Examples of cycloalkyl include cyclopropyl, cyclobutyl, cyclopentyl. cyclohexyl. 
decahydronaphthalene, adamantane, indanyl, indenyl, fluorenyl, 1,2,3,4- 
tetrahydronaphalene and the like. Similarly, "cycloalkenyl" means carbocycles 
containing no heteroatoms and at least one non-aromatic C-C double bond, and 
10 include mono-, bi- and tricyclic partially saturated carbocycles, as well as benzofused 
cycloalkenes. Examples of cycloalkenyl include cyclohexenyl, indenyl, and the like. 

The term "cycloalkyloxy" unless specifically stated otherwise includes 
a cycloalkyl group connected to the oxy connecting atom. 

Hie term "alkoxy" unless specifically stated otherwise includes an 
15 all^l group connected to the oxy connecting atom. 

The term "aryl" unless specifically stated otherwise includes multiple 
ring systems as well as single ring systems such as, for example, phenyl or naphthyl. 

The term "aryloxy" unless specifically stated otherwise includes 
multiple ring systems as well as single ring systems such as, for example, phenyl or 
20 naphthyl, connected through the oxy connecting atom to the connecting site. 

The term "Co'* means that the carbon is not present. Thus, "C0-C5" 
means that there are from none to five carbons present - that is, five, four, three, two, 
one, or no carbons present. When no carbons are present in a linking alkyl group, the 
link is a direct bond. When no carbons are present in a terminal alkyl group, the 
25 terminus is hydrogen. 

The term "hetero" unless specifically stated otherwise includes one or 
more O, S, or N atoms. For example, heterocycloalkyl and heteroaryl include ring 
systems that contain one or more O, S, or N atoms in the ring, including mixtures of 
such atoms. The hetero atoms replace ring carbon atoms. Thus, for example, a 
30 heterocycloC5alkyl is a five membered ring containing from 5 to no carbon atoms. 

Examples of heteroaryl include, for example, pyridinyl, quinolinyl, 
isoquinolinyl, pyridazinyl, pyrimidinyl, pyrazinyl, quinoxaUnyl, furyl, benzofuryl, 
dibenzofuryl, thienyl, benzthienyl, pyrrolyl, indolyl. pyrazolyl, indazolyl, oxazolyl, 
isoxazolyl, thiazolyl, isothiazolyl, imidazolyl, benzimidazolyl, oxadiazolyl, 
35 thiadiazolyl, triazolyl, tetrazolyl. 
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The term "heteroaryloxy" unless specifically stated otherwise describes 
a heteroaryl group connected through an oxy connecting atom to the connecting site. 

Examples of heteroaryl(Ci^)alkyl include, for example, furylmethyl, 
furylethyl, thienylmethyl, thienylethyl, pyrazolylmethyl, oxazolylmethyl, 
5 oxazolylethyl, isoxazolylmethyl, thiazolylmethyl, thiazolylethyl. imidazolybnethyl, 
imidazolylethyl, benzimidazolylmethyl, oxadiazolyhnethyl, oxadiazolylethyl, 
thiadiazolylmethyl, thiadiazolylethyl. triazolyhnethyl, triazolylethyl, tetrazolylmethyl, 
tetrazolylethyl, pyridinylmethyl, pyridinylethyl, pyridazinylmethyl, 
pyrimidinylmethyl, pyrazinylmethyl. quinolinyhnethyl, isoquinolinylmethyl and 
10 quinoxalinylmethyl. 

. Examples of heterocycloC3.7alkyl include, for example, azetidinyl, 
pyrrolidinyl, piperidinyl, piperazinyl, morpholinyl. tetrahydrofuranyl, imidazolinyl, 
pyrolidin-2-one, piperidin-2-one, and thiomorpholinyl. 

Examples of aiyl(Ci^)alkyl include, for example, phenyl(Ci^)alkyl, 
15 andnaphthyl(Ci.6)alkyl. 

Examples of heterocycloC3.7alkylcarbonyl(Ci^)alkyl include, for 
example, azetidinyl carbonyl(Ci^)alkyl, pyrrolidinyl carbonyl(Ci.6)alkyl, piperidinyl 
carbonyl(Ci^)alkyl, piperazinyl caibonyl(Ci^)alkyl, morpholinyl carbonyl(Ci^)alkyl, 
and thiomorpholinyl carbonyl(Ci.6)alkyl 
20 The term "amine" unless specifically stated otherwise includes 

primary, secondary and tertiary amines. 

Unless otherwise stated, the term "carbamoyl" is used to include 
-]SIHC(0)0Ci-C4alkyl, and -OC(0)NHCi-C4alkyl. 

The term "halogen" includes fluorine, chlorine, bromine and iodine 

25 atoms. 

The term "optionally substituted" is intended to include both 
substituted and unsubstituted. Thus, for example, optionally substituted aryl could 
represent a pentafluorophenyl or a phenyl ring. Further, the substitution can be made 
at any of the groups. For example, substituted aryl(Ci^)alkyl includes substitution on 
30 the aryl group as well as substitution on the alkyl group. 

Compounds described herein contain one or more double bonds and 
may thus give rise to cis/trans isomers as well as other conformational isomers. The 
present invention includes all such possible isomers as well as mixtures of such 
isomers. 
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10 



Compounds described herein may contain one or more asymmetric 
centers and may thus give rise to diastereomers and optical isomers. Hie present 
invention includes all such possible diastereomers as well as their racemic mixtures, 
their substantially pure resolved enantiomers, all possible geometric isomers, and 
pharmaceutically acceptable salts thereof. The above Formula I is shown without a 
definitive stereochemistry at certain positions. The present invention includes all 
stereoisomers of Formula I and pharmaceutically acceptable salts thereof. Further, 
mixtures of stereoisomers as weU as isolated specific stereoisomers art also included. 
During the course of the synthetic procedures used to prepare such compounds, or in 
using racemization or epimerizatlon procedures known to those skilled in the art, the 
products of such procedures can be a mixture of stereoisomers. 

The term "pharmaceuticaUy acceptable salts" refers to salts prepared 
from pharmaceutically acceptable non-toxic bases or acids. When the compound of 
the present invention is acidic, its corresponding salt can be conveniently prepared 
15 from pharmaceutically acceptable non-toxic bases, including inorganic bases and 
organic bases. Salts derived from such inorganic bases include aluminum, 
ammonium, calcium, copper (ic and ous), ferric, ferrous, lithium, magnesium, 
manganese (ic and ous). potassium, sodium, zinc and the like salts. Particularly 
preferred are the ammonium, calcium, magnesium, potassium and sodium salts. Salts 
20 derived from pharmaceuticaUy acceptable organic non-toxic bases include salts of 
primary, secondary, and tertiary amines, as well as cyclic amines and substituted 
amines such as naturally occutfing and synthesized substituted amines. Other 
pharmaceutically acceptable organic non-toxic bases from which salts can be formed 
include ion exchange resins such as, for exainple, arginine, betaine, caffeine, choline, 
25 NJ^'-dibenzylethylenediamine, diethylamine, 2-diethylaminoethanol, 2- 

dimethylaminoethanol, ethanolamine, ethylenediamine, N-ethylmorpholine, N- 
eUiylpiperidine. glucamine, glucosamine, histidine, hydrabamine, isopropylamine. 
lysine, methylglucamine. morpholine, piperazine, piperidine. polyamine resins, 
procaine, purines, theobromine, triethylamine, trimethylamine, tripropylamine, 

30 tromethamine and the like. 

When the compound of the presrat invention is basic, its 
corresponding salt can be conveniently prepared from pharmaceutically acceptable 
non-toxic acids, including inorganic and organic acids. Such adds include, for 
example, acetic, benzenesulfonic, benzoic, camphorsulfonic, citric, ethanesulfonic, 

35 fumaric. gluconic, glutamic, hydrobromic, hydrochloric, isethionic. lactic, maldc. 
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malic, mandelic, methanesulfonic, mucic, nitric, pamoic, pantothenic, phosphoric, 
succinic, sulfuric, tartaric, p-toluenesulfonic acid and th&like. Particularly preferred 
aie citric, hydiobromic. hydrochloric, maleic, phosphoric, sulfuric, and tartaric acids. 

The pharmaceutical compositions of the present invention comprise a 
5 compound represented by Formula I (or pharmaceutically acceptable salts thereof) as 
an active ingredient, a pharmaceutically acceptable carrier and optionally other 
therapeutic ingredients or adjuvants. The compositions include compositions suitable 
for oral, rectal, topical, and parenteral (including subcutaneous, intramuscular, and 
intravenous) administration, although the most suitable route in any given case will 
10 depend on the particular host, and nature and severity of the conditions for which the 
active ingredient is being administraed. The pharmaceutical compositions may be 
conveniently presented in unit dosage form and prepared by any of the methods well 
known in the art of pharmacy. 

In practice, the compounds represented by Formula I, or 
15 pharmaceuticaUy acceptable salts thereof, of this invention can be combined as the 
active ingredient in intimate admixture with a pharmaceutical carrier according to 
conventional pharmaceutical compounding techniques. The carrier may take a wide 
variety of forms depending on the form of preparation desired for administration, e.g., 
oral or parenteral (including intravenous). Thus, the pharmaceutical compositions of 
20 the present invention can be presented as discrete units suitable for oral administration 
such as capsules, cachets or tablets each containing a predetermined amount of the 
active ingredient Further, the compositions can be presented as a powder, as 
granules, as a solution, as a suspension in an aqueous liquid, as a non-aqueous liquid, 
as an oU-in-water emulsion or as a water-fai-oU Uquid emulsion. In addition to the 
25 common dosage forms set out above, the compound represented by Formula I, or 
pharmaceutically acceptable salts thereof, may also be administered by conti-oUed 
release means and/or deUvery devices. The compositions may be prepared by any of 
the methods of pharmacy. In general, such methods include a step of bringing into 
association the active ingredient with the carrier that constitutes one or more 
30 necessary ingredients. In general, the compositions are prepared by uniformly and 
intimately admixing the active ingredient with liquid carriers or finely divided solid 
carriers or both. The product can then be conveniently shaped into the desired 
presentation. 

Thus, the pharmaceutical compositions of this invention may include a 
35 pharmaceuticaUy acceptable carrier and a compound or a pharmaceutically acceptable 
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salt of Formula 1. The compounds of Formula I, or pharmaceutically acceptable salts 
thereof, can also be included in pharmaceutical compositions in combination with one 
or more other therapeutically active compounds. 

The pharmaceutical carrier employed can be, for example, a solid, 

5 liquid, or gas. Examples of solid carriers include lactose, terra alba, sucrose, talc, 
gelatin, agar, pectin, acacia, magnesium stearate, and stearic acid. Examples of liquid 
carriers are sugar syrup, peanut oil, olive oil, and water. Examples of gaseous carriers 
include carbon dioxide and nitrogen. 

In preparing the compositions for oral dosage form, any convenient 

10 pharmaceutical media may be employed. For example, water, glycols, oils, alcohols, 
flavoring agents, preservatives, coloring agents and the like may be used to form oral 
liquid preparations such as suspensions, elixirs and solutions; while carriers such as 
starches, sugars, microcrystalline cellulose, diluents, granulating agents, lubricants, 
binders, disintegrating agents, and the like may be used to form oral solid preparations 

15 such as powders, capsules and tablets. Because of dieir ease of administration, tablets 
and capsules are the preferred oral dosage units whereby solid pharmaceutical carriers 
are employed. Optionally, tablets may be coated by standard aqueous or nonaqueous 
techniques 

A tablet containing the composition of this invention may be prepared 
20 by compression or molding, optionally with one or more accessory ingredients or 
adjuvants. Compressed tablets may be prepared by compressing, in a suitable 
machine, the active ingredient in a free-flowing form such as powder or granules, 
optionally mixed with a bmder, lubricant, inert diluent, surface active or dispersing 
agent. Molded tablets may be made by molding in a suitable machine, a mixture of 
25 the powdered compound moistened with an inert liquid diluent. Each tablet 

preferably contains from about Img to about 500mg of the active ingredient and each 
cachet or capsule preferably containing from about 1 to about 500mg of the active 
ingredient 

Pharmaceutical compositions of the present invention suitable for 
30 parenteral administration may be prepared as solutions or suspensions of the active 
compounds in water. A suitable surfactant can be included such as, for example, 
hydroxypropylcellulose. Dispersions can also be prepared in glycerol, liquid 
polyethylene glycols, and mixtures thereof in oils. Further, a preservative can be 
included to prevent the detrimental growth of microorganisms. 
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Pharmaceutical compositions of the present invention suitable for 
injectable use include sterile aqueous solutions or dispersions. Furthermore, the 
compositions can be in the form of sterile powders for the extemporaneous 
preparation of such sterile injectable solutions or dispersions. In all cases, the final 

5 injectable form must be sterile and must be effectively fluid for easy syringability. 
The pharmaceutical compositions must be stable under the conditions of manufacture 
and storage; thus, preferably should be preserved against the contaminating action of 
microorganisms such as bacteria and fungi. The carrier can be a solvent or dispersion 
medium containing, for example, v^^ater, ethanol, polyol (e.g. glycerol, propylene 

10 glycol and liquid polyethylene glycol), vegetable oils, and suitable mixtures thereof. 

Pharmaceutical compositions of the present invention can be in a form 
suitable for topical use such as, for example, an aerosol, cream, ointment, lotion, 
dusting powder, or the like. Further, the compositions can be in a form suitable for 
use in transdermal devices. These formulations may be prepared, utilizing a 

15 compound represented by Formula I of this invention, or phannaceutically acceptable 
salts thereof, via conventional processing methods. As an example, a cream or 
ointment is prepared by mixing hydrophilic material and water, together with about 5 
wt% to about 10 wt% of the compound, to produce a cream or ointment having a 
desired consistency. 

20 Pharmaceutical compositions of this invention can be in a form 

suitable for rectal administration wherein the carrier is a solid. It is preferable diat the 
mixture forms unit dose suppositories. Suitable carriers include cocoa butter and 
other materials conamorily used in the art. The suppositories may be convenientiy 
formed by first admixing the composition with the softened or melted canier(s) 

25 followed by chilling and shaping in moulds. 

In addition to the aforementioned carrier ingredients, the 
pharmaceutical formulations described above may include, as appropriate, one or 
more additional carrier ingredients such as diluents, buffers, flavoring agents, binders, 
surface-active agents, thickeners, lubricants, preservatives (including anti-oxidants) 

30 and the like. Furthermore, other adjuvants can be included to render the formulation 
isotonic with the blood of the intended recipient. Compositions containing a 
compound described by Formula I, or phaimaceutically acceptable salts thereof, may 
also be prepared in powder or liquid concentrate form. 
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Rx perimental Protocols 

Assessing the Activity of Selected Compounds to Inhibit 
NRl A/2B NMDA Receptor Activation (FUPR Assay) 

5 

The activity of selected compounds to inhibit NRl A/2B NMDA 
receptor activation measured as NR1A/2B receptor-mediated Ca^* influx is assessed 
by the following procedure: 

NRl A/2B receptor transfected L(tk) cells are plated in 96-vvell format 

10 at 3 X 10^ cells per plate and grown for one - two days in normal growth media 

0>ulbeccos MEM with Na pyruvate, 4500mg glucose, pen/strep, glutamine, 10% FCS 
and 0.5mg/mL geneticin). NRl A/2B-expression in these cells is induced by the 
addition of 4nM dexamethasone in the presence of SOOjiM ketamine for 16 - 24 hours. 
After receptor induction cells are washed using a Labsystem Cellwasher two times 

15 with assay buffer (Hanks balanced salt solution (HBSS«Mg^ free) containing 20mM 
HEPES, 0.1% BSA, 2mM CaCh and 250pM probenecid). The cells of each 96 well 
cell plate are loaded with the Ca"^ sensitive dye Fluo-3 (Molecular Probes, Inc.) at 
4^iM in assay buffer containing 0.5% FBS, and 0.04% pluronic F-127 (Molecular 
Probes, Inc.) for Ih at 37 X avoiding light. The cells are then washed with the 

20 Cellwasher four times with assay buffer leaving them in 1 OOpL buffer. Test 

compounds in solution are pipetted by FUPR (Fluorometric Imaging Plate Reader) 
into each test well for a 2min pretieatment. During this time the fluorescence 
intensity is recorded (excitation at 488nm and emission at 530nm). The 
glutamate/glycine SO^iL agonist solution (final concentration IjxM/ljiM) is then added 

25 by FLIPR into each well already containing 150^L of buffer (containing the test 

compound or vehicle) and the fluorescence is continuously monitored for lOmin. The 
endpoint fluorescence values are used to determine an IC50 value comparing the 
agonist-stimulated signal for tiie vehicle alone sample and that for tiie cells incubated 
with each concentration of test compound. 

30 

Determining the Apparent Dissociation Constant (Ki) of Compounds 
for Human NRl A/NR2B Receptors (Binding Assay): 
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The radioligand binding assay is perfomed at room temperature in 96-well 
microtiter plates with a final assay volume of l.OmL in 20mM Hepes buffer (pH 7.4) 
containing 150mM NaCl. Solutions of test compounds were prepared in DMSO and 
serially diluted with DMSO to yield 20pL of each of 1 0 solutions differing by 3-fold 

5 in concentration. Non-specific binding (NSB) using hot AMD-1 (lOuM final 
concentration) and total binding (TB) by using DMSO (2% final concentration). A 
solution of NR1A/NR2B receptors (40pM final concentration) and tiitiated AMD-2 
(InM final concentration) were added to the test compounds. After 3h of incubation 
at room temperature, samples are filtered through Packard GF/B filters (presoaked in 

10 0.05% PEI. polyethyieninine Sigma P-3143) and washed 10 times with ImL of cold 
20mM Hepes buffer per wash. After vacuum drying of the filter plates, 40nL of 
Packard h4icroscint-20 was added and bound radioactivity determined in a Packard 
TopCount. Tbt apparent dissociation constant (Ki), the maximum percentage 
inhibition (%Imax). *e minimum percentage inhibition (%Imin) and the hill slope 

15 (nH) were determined by a non-Unear least squares fitting the bound CPM data to 
Equation #1 below. 

Equation#l: 

20 (SB) (%Imax - %Imin) 

CPM Bound = : + NSB + (SB) (1 - %Imax) 

(1 + ( prug]/(Ki[AMD-2]/KD) )»" ) 

where. Kd is tiie apparent dissociation constant for the radioligand for the 
25 receptor as determined by hot saturation and SB is the specifically bound CPM 

determined from the difference of TB and NSB. 

AMD-1 

NH 



30 AMD-2 
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Compounds AMD-1 and AMD-2 can be synthesized in accordance 
with the following general reaction schemes. 




la 

5 

In accordance with scheme 1, hydrogen chloride is bubbled through a 
solution of the appropriately substituted benzonitrile 1 in methanol at room 
temperature. The volatiles are removed under reduced pressure and the resulting 
10 residue is triturated with ether and filtered to yield the desired imidate 2, Imidate 2 is 
dissolved in methanol at ambient temperature, treated with amine 3 at ambient 
temperature and stined under argon. The volatiles are removed under reduced 
pressure and the residue purified by preparative HPLC or trituration with ether to 
afford amidine la. 

15 

SCHEME 2 

R^-C^alkyl-NR^H-HCI ^^8^1 ^ MeaCi AI-NH^-Co^alkyNR^ 
3a e 

^ la 

1 
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In accordance with scheme 2. at room temperature under argon, amine 
3a is dissolved in ether and was treated with 1-M hydrogen chloride in ether (1 equiv.) 
in a single portion. The resulting precipitate is stirred vigorously for 10 minutes. The 

5 volatiles are removed under reduced pressure. The residue is suspended in toluene, 
cooled to 0°C under argon, treated with 2.0-M trimethylaluminum (1.05 equiv.) in a 
dropwise manner, and stirred for 45 minutes at room temperature to afford 
intermediate 6 (not isolated). Compound 6 is added to a solution of nitiile 1 in 
toluene. The reaction is heated to SO'C without stirring in a sealed tube for 18h, 

10 cooled to ambient temperature, poured onto a silica gel column and eluted with 

methanol/dichloromethane to ^ve amidine 4. 



15 



Preparation of [*"l]AMD-l 



NH 



dioxane 
EtaN 



X»SnMea 



lodobead 

MeOHAFA ^ [^"llAMD-l 



Tritiated AMD-1 was prepared by the following procedure: A mixture 
of AMD-1, hydrochloride salt, (5mg, 0.012mmol) in dioxane (0.2njL) containing 
triethylamine (4|iL) was treated with hexamethylditin (5mL), a catalytic amount of 

20 palladium catalyst and heated at lOO^C for 45 minutes. Hie reaction was cooled to 
room temperature, filtered through a glass wool plug, rinsed with methanol and 
concentrated in vacuo to give 10.7mg of a brown oil. The oil was dissolved in 
metiiylene chloride and passed through a small silica column eluting witii methylene 
chloride followed by 5% methanol/methylene chloride. Fractions containing the 

25 trimetiiylstannane (Rf 0.26 in 10% metiianol/methylene chloride) were pooled and 
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concentrated in vacuo to give 4.5mg of the trimethylstannane as a clear, colorless oil. 
This material was further purified by HPLC (CI 8 EconosU, 10x250nim, 20 minute 
Unear gradient, 30% MeCN:70% HjO (0.1% TFA) to 90% MeCN. 3inUimn, 254nin, 
retention time 15 minutes) to give 3mg of the trimethylstannane. 

5 A Na'"l shipping vial (lOmCi, Amersham) was charged with a stir 

bar, an iodobead, 50mL of methanol and stirred five minutes at room temperature. A 
solution of the trimethylstannane (0. Img) in 50mL of methanol containing SfiL of 
trifluoroacetic acid was added and the reaction was stined for five minutes. The 
reaction was quenched witii SOpL of ammonium hydroxide and purified by HPLC 

10 (C18 Vydac protein and peptide column, 4.6 x 250 mm, 20 minute linear gradient, 
30% MeCN:70% H2O (0.1% TFA) to 90% MeCN, ImL/min, retention time 
1 Iminutes). Fractions containing the radioactive product w»e pooled and 
concentrated in vacuo to give 989MCi of [*^I]AMD-1 witii a specific activity of 
898Ci/mmol as measured by UV absoibance at 272nm. 

15 

Synthesis of Tritiated AMD-2 

Tritiated AMD-2 was prepared by the following procedure: The 
phenol of AMD-2 (2mg, O.OOSmmol) dissolved in dimethylformamide (0.6mL) and 

20 potassium carbonate (1 .2mg) for Ih. High specific activity tritiated metiiyl iodide 

(50mCi, 0.0006mmol, in toluene ImL, American Radiolabeled Chemicals) was added 
at room temperature and stirred for 2 hours. The reaction mixture was filtered using a 
Whatman PTFE 0.45Mm syiingeless filter device to rranove any insoluble potassium 
carbonate, washed with Abs. ethanol (2mL, Hiarmco), and the combined filtrates 

25 were concentrated to dryness at room temperature using a rotary ev^rator, this also 
removed any unreacted tritiated methyl iodide. The residue was purified by HPLC 
chromatography on a Phenomenx Luna C8 semi-prep column ( Luna 5 micro C8(2), 
250x10.0 mm) using a gradient system of 20/80 acetonitrile/water with 0.1% 
trifluoroacetic acid to 100% acetonitrile with 0.1% trifluoroacetic acid in 20min. 

30 Total activity of the product was 8mCi. Further purification was effected by 

absorption onto a Waters C-18 Sep-pak column (Waters Sep-Pak PLUS C18) and 
elution with water followed by absolute etiianol. The product was diluted with 
absolute ethanol (lOmL) before submission for final analysis. 

The compounds of this invention exhibit IC50's of less than 50nM in 

35 the FLIPR and binding assays. It is advantageous that tiie ICso's be less than 5mM in 
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the FUPR and binding assays. It is more advantageous that the ICso's be less than 
1 HM in the FLIPR and bmding assays. It is still more advantageous that the ICso's be 
less than 0. 1 nM in the FLIPR and binding assays. Thus, the compounds and 
phannaceutical compositions of this invention have been found to exhibit biological 
5 activity as NMDA NR2B antagonists. Accordingly, another aspect of the invention is 
the treatment of pain, migraine, depression, anxiety, schizophrenia, Parkinson's 
disease, or stroke - maladies that are amenable to amelioration through inhibition of 
NMDA NR2B receptors - by the administration of an effective amount of the 

compounds of this invention. 
10 Thus, pain can be treated by administering once or twice a day, a 

compound of this invention at O.lmg. Img, 5mg, lOmg, or 25mg per kg of body 

weight 

Migraine can be treated by administering once or twice a day, a 
compound of this invention at O.lmg, Img, 5mg. lOmg. or 25mg per kg of body 
15 weight 

Depression can be treated by administering once or twice a day, a 
compound of this invention at O.lmg, Img, 5mg, lOmg, or 25mg per kg of body 
weight. 

Anxiety can be treated by administering once or twice a day, a 
20 compound of this invention at O.lmg, Img, 5mg, lOmg, or 25mg per kg of body 
weight. 

Schizophrenia can be treated by administering once or twice a day, a 
compound of this invention at O.lmg. Img, 5mg, lOmg, or 25mg per kg of body 
weight 

25 Parkinson's disease can be treated by administering once or twice a 

day, a compound of this invention at 0. Img, Img, 5mg, lOmg, or 25mg; per kg of 
body weight 

Stroke can be treated by administering once or twice a day, a 
compound of this invention at O.lmg, Img, 5mg. lOmg, or 25mg per kg of body 
30 weight 

The abbreviations used herein are as follows unless specified otherwise: 
BH3*THF Tetrahyd«)furanA)orane complex 
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10 



15 



20 



25 



BiNAP 2,2'-Bis(diphenylphosphino>l,r'binaphthyl 

BOC t-Butoxycarbonyl 

BOC2O t-Butoxycarbonyl anhydride 

CBZ Carbobenyloxy 

CBZ-Cl Carbobenzyl chloride 

DCM Dichloromethane 

DIPEA Diisopropylethylamine 

DMAP 4-Diinethylaminopyridine 

DlviF N,N-Dimethylfonnaimde 

DMF-DMA Dimethylformamide-Dimethylacetal 

DMSO Dimethylsulfoxide 

EDC 3-Ethyl-3-(3-dimethylaminopropyl)caibodiiimd^ 

hydxochloride 

h hours 

jjOAt l.Hydroxy-7-azabenzotritoole 

HOBt Hydroxybenzoxazole 

IPA Isopropanol 

mCPB A meta Chloroperbenzoic acid 

jjjin minutes 

MeCN Acctonitrile 
NMR nuclear magnetic resonance 

r.t.,RT,orrt room temperature 

sat. saturated 
•TEA Triethylamine 
jp/i Trifluoroacetic acid 

XHF Tetrahydrofuran 



The following examples are provided to more fully illustrate the 
present invention, and are not to be construed as limiting the scope of the claims in 
30 any manner. 



EXAMPLES 



below. 



The compounds of this invention can be prepared by procedures shown 



35 
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Intermediates : 
INTERMEDIATE la: 

Carbonic acid 2,5-dioxo-pyn:olidin-l-yl ester 4-methyl-ben2yl ester 




;0 



5 ^ 

Disucciniinidyl carbonate (5.03g, 19.65nmiol) in 30mLMcCN and 
SOmL DCM was treated with 4-methylbenzyl alcohol (2.4g, 19.6minol) followed by 
DMAP (1.20g, 9.82mmol). The resulting cloudy reaction mixture cleared over 2min, 
stilted overnight at rt, then poured into lOOmL water and partitioned. The organic 
10 layer was dried over anhydrous sodium sulfate and the solvent evaporated The solid 
thus obtained was stirred with approx. 25niL ether, filtered, washed with a small 
volume of ether and dried to yield carbonic acid 2,5-dioxo-pyrrolidin-l-yl ester 4- 
methyl-benzyl ester as a white solid. Ref: Chem. Pharm. Bull, 38(^): 110-115(1990). 

15 The following compounds were prepared in the manner similar to that 

described above for INTERMEDIATE la: 

INTERMEDIATE lb: 

Carbonic acid 2,5-dioxo-pyrrolidin-I-yl ester 4-chloro-benzyI ester 

20 INTERMEDIATE Ic: 

Carbonic acid 2,5-dioxo-pyirolidin-l-yl ester 4-£luoro-ben2yl ester 

INTERMEDIATE Id: 

Carbonic acid 2,5-dioxo-pyrrolidin-l-yl ester 4-ethyl-benzyl ester 

INTERMEDIATE le: 

25 Carbonic acid 2,5-dioxo-pyrrolidin-l-yl ester 4-isopropyl-benzyl ester 

Utilizing the carbonic acid derivatives described above for 
INTERMEDIATES la-le, and following the procedure described below in 
EXAMPLE 13, step 1, the following INTERMEDIATES 2a-2e were obtained 
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INTERMEDIATE 2a: 

4-Methylben2yl 4-(aminomethyl)pipraidine-l-carboxylate 

INTERMEDIATE 2b: 
5 4-Chlorobenzyl 4-(aniinomethyl)pipericlme-l-carboxylate 

INTERMEDIATE 2c: 

4-Huoioben2yl 4-(armnoinethyl)pipMidine-l-carboxylate 

INTERMEDIATE 2d: 

4-Ethylbenzyl4-(aininomethyl)piperidine-l-carboxylate 

10 INTERMEDIATE 2e: 

4-IsoiMX)pylbenzyl4-(aimnonQfithyl)piperidine-l-carboxylate 

EXAMPLE 1: 

Benzyl 4-[(4-pyridinylanuno)methyl]-l-piperidinecarboxylate: 
15 Step 1: 

Benzyl 4-[(4-pyridinylamino)carbonyl]-l-piperidinecarboxylate 



In DMF (SmL), l-[(benzyloxy)carbonyl]-4-piperidinecarboxyUc acid 
(P. E. MaUgtes et al.. Tetrahedron, 53:10983(1997)) (l.OOg. 3.80mmol), 4- 

20 aminopyridine (572mg. 6.08inmol), EDC (801mg, 4.18inmol), and HOAt (569ing. 
4.18nmiol) were combined and aged under Ni for 4h. -Hie reaction was partitioned 
between sat. NaHCOs and ethyl acetate. The layers were separated and the aqueous 
layer was extracted with ethyl acetate (2x). The combined organics were washed wi 
water and brine then dried over Na2S04, filtered and concentrated under reduced 

25 pressure, affording 1.16g of benzyl 4-[(4-pyridinylamino)carbonyl]-l- 

piperidinecaiboxylate as a yellow oU which was used without further purification. 




Step 2: 



Benzyl 4-[(4-pyiidinylainino)metiiyl]-l-piperidinecarboxylate 
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The amide prepared as described in Step 1 above (17.82g, 52.50nimol) 
was dissolved in THF (50mL) and was treated with BH3-THF (200nimol, 200raL, IM 
in THF) over lOmin. and was aged at r.t. 3h. The reaction was quenched by slowly 

5 adding 2N HCl and stirring vigorously 15h. The reaction was basified with IM 
NaOH and extracted with ethyl acetate (3x). The combined organics were washed 
with brine, dried over Na2S04, filtered and concentrated in vacuo, yielding a white 
foam Which was purified by sUica gel chromatography (99:1:0.1 to 90:10:1 
CH2b2:CH30H:NH40H) to give 11.53g of benzyl 4-[(4-pyridinylamino)methyl]-l- 

10 piperidinecarboxylate 

as a viscous pale yellow oil. 

'H NMR (HCl salt 400MHz, CD3OD): 8 8.09 (tat. IH, Pyr-fl), 7.97 
Qors, IH. Pyr-fl), 7.35-7.28 (m. 5H. Ar-H). 6.88 (brs, 2H. Pyr-H). 5.1 1 (s. 2H. CH2- 
Ar). 4.18 (brd, J=11.70Hz. 2H. C/ffl). 3.25 (d. J=6.77Hz. 2H. CH2-N). 2.86 (brs. 2E, 

15 CflH), 1.90-1.77 (m, 3H, C/ffl. Cfl), 1.29-1.16 (dq. J=12.36Hz. 4.16Hz. 2H. CHH). 
M.S. (M+1) : 326.47. 



EXAMPLE 2: 

4-[(3-Methylpyridin-4-ylamino)methyl]piperidine-l-carboxylicacid 

20 benzyl ester: 




The title compound was prepared as described in EXAMPLE 1. but 
replacing 4-aminopyridine with 4-amino-3-methylpyridine (Malinowski et al.. J. 
Prakt. C/iem.. 330:154-158(1988)). 

'H NMR (400MHz. CD3OD): 6 7.74 (d. J=5.85Hz, IH. Pyr-fl). 7.66 
(brs. IH, Pyr-H). 7.36-7.29 (m. 5H. Ar-fl). 6.77 (brs, IH. Pyr-H). 5.11 (s, 2H. CHr 
At). 4.19 (brd. J=13.81Hz. 3H). 3.31-3.20 (m, 2H. CH2-N + CH30H). 2.84 (brs. 2H. 
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CHH), 2.22 (brs. 2H. CflH). 1.98-1.85 (m, IH, CH), 182 (brd. J=12.89Hz. 2H, 
CHH), 1.22-1.14 (m. 2H, CHH). 

M.S. (M+1): 340.27. 

5 EXAMPLE 3: 

Benzyl 4-{ [(2-pyridinyl)amino]methyl}-l-piperidinecarboxylate 




The title compound was prepared as described in EXAMPLE 1, but 
replacing 4-anunopyridine with 2-aininopyridine. 
10 *H NMR (400MHz, CD3OD): 5 10.00 (brs, IH, NH), 7.82-7.75 (m, 

2H, Pyi-H, Pyr-fl), 7.38-7.30 (m. 5H, Ar-/0. 6.76-6.70 (m. 2H, Pyr-H, Fyr-H), 5.12 
(s, 2H. CH2-A1), 4.24 (brs, 2H. CHH), 3.16 (brs, 2H, CH2-N), 2.84 (brs, 2H, CflH), 
2.01-1.80 (m, 3H, CH, CHH + H20), 1.26-1.18 (m. 2H. CHH). 

M.S. (M+1): 326.28. 

15 

EXAMPLE 4: 

Benzyl 4-{ [(3-pyridinyl)ainino]methyl}-l-piperidinecarboxylate 



O 




The title compound was prepared as described in EXAMPLE 1, but 
20 replacing 4-aminopyridine with 3-aminopyridine. 

'H NMR (500MHz. CD3OD): 5 8.01 (d, J=2.93Hz. IH. Pyr-H), 7.95 
(dd, J=4.63Hz, 1.46Hz, IH, Pyr-fl), 7.37-7.30 (m, 5H, Ar-H), 7.08 (dd. J=8.30Hz, 
4.59Hz, IH, Pyr-H), 6.86-6.84 (m. IH, Pyr-H). 5.13 (s, 2H, CHj-Ar). 4.25 (brs, 2H, 
CHH), 3.80 (brt, J= 5.86Hz. IH. NH). 3.04 (t, J=6.33Hz, 2H, CHj-N), 2.78 (bts. 2H, 
25 CHH), 1.78 (brs, 3H, CH. CHH + H20), 1.27-1.13 (m, 2H, CHH). 
MS. (M+1): 326.31. 
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EXAMPLE 5: 

Benzyl 4-{[(4-methyl-2-pyridinyl)amino]methyl}-l- 
piperidinecarboxylate 

5 

The title compound was prepared as described in EXAMPLE 1, but 
replacing 4-aimnopyridine with 2-anuno-4-inethylpyridine (Fluka Co.). M.S. (M+1): 
340.40. 

10 EXAMPLE6: 

Benzyl 4-{[(4^yl-2-pyridinyl)amino]methyll-l- 

piperidinecarboxylate 



X 




The title compound was prepared as described in EXAMPLE 1. but 
15 replacing 4-aminopyridine with 2-amino-4-ethylpyridine (Maybridge Chemicals). 
M.S. (M+1): 354.41. 

EXAMPLE?: 

Benzyl 4-[(3-isoxazolylamino)methyl]-l-piperidinecarboxylate 




0 




N-o 
20 
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The title compound was prepared as described in EXAMPLE 1, but 
replacing 4-aimnopyridine with S-aminoisoxazole (Sigma- Aldrich Co.). M.S. ^+1): 
316.29. 

5 EXAMPLE 8: 

Benzyl 4-[(l ,3,4-thiadiazol-2-ylamino)methyl]-l-piperidinecarboxylate 

The title compound was prepared as described in EXAMPLE 1, but 
replacing 4-aminopyridine with 2-ainino-l,3,4-thiadiazole, M.S. (M+1): 333.35. 

10 

EXAMPLE 9: 

Benzyl 4-{ [(5-methyl-2-pyridinyl)amino]methyl}-l- 

piperidinecarboxylate. 

O 

A. 



15 The title compound was prepared as described in EXAMPLE 1, but 

replacing 4-aminopyridine with 2-amino-5-methylpyridine. M.S. (M+1): 340.40. 

EXAMPLE 10: 

Benzyl 4-( [(l-niethyl-lH-imidazol-2-yl)aminolmethyl}-l- 

20 piperidinecarboxylate 

J p 

t >-NH/— \ _P-' 
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The title compound was prepared as described in EXAMPLE 1, step 
1, but replacing 4-aminopyridine with 2-ainino-imidazole hemisulfate and gave the 
EDC coupling product. This product was refluxed in DMF-DMA for 90min., diluted 
with ethyl acetate, washed with saL NaHCOj, dried over Na2S04, filtered and then 
5 concentrated under reduced pressure. The resulting red oil was purified by siUca gel 
chromatography. 50mg (mmol) of the purified product was reacted with borane as 
described in EXAMPLE 1, step 2, to give 26mg of benzyl 4- {[(1 -methyl- IH- 
imidazol-2-yl)amino]methyl}-l-piperidinecarboxylate. 

'H NMR (400MHz, CDCI3): 8 7.36-7.27 (m, 5H, Ar-fl), 6.65 (d, 
10 J=1.55Hz, IH, imidazole-fl). 6.49 (d. J=1.56Hz, IH, imidazole-fl). 5.12 (s, 2H, CH2- 
Ar), 4.19 (Jots, 2H. CHS). 3.58 (brs. \R,m, 3.34 (s, 3H. CH3), 3.23 (m. 2H. CH^ 
N). 2.79 (brs. 2H, CflH), L85-1.70 (m. 3H. CflH. Cfl). 1.23-1.13 (m, 2a CHH)- 

M.S. (M+1): 329.27. 

15 EXAMPLE 11: 4-(Quinolin-4-ylarmnomethyI)-piperidine-l-carboxylic acid 
benzyl ester 




The title compound was prepared as described in EXAMPLE 1, 
replacing 4-aininopyridine with 4-aminoquinoline. M.S. (M+1): 376.39. 

20 

EXAMPLE 12: 

Benzyl 4-{ [(l-oxido-4-pyridinyl)amino]methyl }-l- 

piperidinecarboxylate 
Step 1: 

25 Benzyl 4-{[(l-oxido-4-pyridinyl)amino]caibonyl}-l- 

piperidinecaiboxylate 
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O 




Benzyl 4-[(4-pyridiinylaniino)carbonyl]-l-piperidinecarboxylate 
(EXAMPLE 1, Step 1) (615mg, l.Slmmol) was dissolved in CHzChand treated with 
mCPBA (3.12g, IS.lOmmol) and aged 18h. The reaction was diluted with ethyl 
5 acetate and washed with sat. NaHCOj. The organics wore separated, dried over 
Na2S04, filtered and concentrated under reduced pressure. The resulting oil was 
purified by silica gel chromatography to afford benzyl 4-{[(l-oxido-4- 
pyridinyl)ainino]cari)onyl}-l-piperidinecaiboxylate as a clear oil. 

'H NMR (400MHz. CDCI3): 5 10.72 (s, IH, NH), 8.03 (d. J=7.50Hz, 
10 2H. Pyr-fl). 7.80 (d, J=7.50Hz, 2H. Pyr-Jf), 7.38-7.28 (m, 5H, Ar-H), 5. 12 (s, 2H. 
CHz-Ar). 4.18 (brd, J=13.25Hz. 2H. CHH), 2.81 (brs, 2H, CflH). 2.57-2.45 (m, IH, 
cm, 1.86-1.68 (m, 4H, CHH, CHH). 

M.S. (M+1): 356.28. 

Step 2: 

15 Benzyl 4-{ [(l-oxido-4-pyridinyl)amino]methyl}-l- 

piperidinecarboxylate 



O 




Benzyl 4-{[(l-oxido^pyridinyl)ainino]cari)onyl}-l- 
piperidinecarboxylate (62mg, 0.17mmol) was reduced with borane as described in 
20 EXAMPLE 1, step 2, to afford benzyl 4-{ [(l-oxido-4-pyridinyl)anuno]methyl}-l- 
piperidinecarboxylate as a clear oil. 

NMR (400MHz, CDCI3): S 7.99 (d, J=7.31Hz, 2H. Pyr-fl). 7.88 
(brs. IH, MO. 7.38-7.30 (m, 5H. Ar-fl). 6.66 (brs. 2H. Pyr-H), 5.12 (s. 2H, CH2-A1), 
4.22 (brs. 2H, CHH). 3.09 (brs. 2H, CH2-N), 2.77 (brs. 2H. CHH), ), 1.87-1.71 (m. 
25 3H. CHH. Cfl), 1.26-1.11 (m,2H, CHH). 

M.S. (M+1): 342.33. 
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EXAMPLE 13: 

Benzyl 4-[(9H-purin-6-ylanuno)methyl]-l-piperidinecart)Oxylate 

Step 1: 

Benzyl 4-(aimnomethyl)piperidine-l-carboxylate 



4- Aminomethylpiperidine (40g, 350nunol) and benzaldehyde 
(37.3mL, 368nunol) in toluene (600mL) were heated to reflux under Dean Stark 
conditions for 2h, Tlie resulting reaction mixture was cooled to room temperature 

10 and 500mL dichloromethane was added. The resulting solution was cooled to S^'C 
and treated with N-(benzyloxycarbonyloxy)succinimide (91.7g, 368mmol). After 
lOmin, the cooling bath was removed and the resulting reaction mixture stirred for Ih. 
The solvents were evaporated and the residue stirred with 400mL THF and 400mL 
2M UCl for Ih. The mixture was concentrated to remove organics and extracted with 

15 ether (3x300mL). The aqueous phase was adjusted to pH14 with 50% NaOH and 
extracted with ethyl acetate. The organic layer was washed with water and brine, 
dried over anhydrous sodium sulfate, and the solvent evaporated to give benzyl 4- 
(aminomethyl)piperidine-l-cari50xylate as an oil. 

'H NMR (500MHz CDCI3) 8: 7.4-7.2 (m, 5H); 5.12 (s, 2H); 4.20 (brs, 

20 2H); 2.77 (brs, 2H); 2.58 (d. J=6.6 Hz, 2H) 1.94.7 (m. 2H); 1.0-1.5 (m, 5H).' 
Step 2: 

Benzyl 4-[(9H-purin-6-ylamino)methyl]-l-piperidinecarboxylate 
o 

' .NH 



In DMF (SmL), benzyl 4-(aminomethyl)-l-piperidjnecarboxylate 
25 (1 .20g, 4.83mmol) and 6-chloropurine (448mg, 2.49mmol) were combined and 
treated with TEA in a single portion and aged under N2 at lOO'C for 18h. The 
resulting reaction was diluted wifli sat. NaHCOs and extracted with ethyl acetate (3x). 
The combined organics were washed with brine, dried ov«r Na2S04, filtered and 
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concentrated in vacuo to give a brown oil which was purified by silica gel 
chromatography (20g, 32-60Mm silica. 99:1:0.1 to 90:10:1 CH2Cl2:CH30H:NH40H) 
to give benzyl 4-[(9H-purin-6-ylamino)methyl]-l-piperidinecaiboxyIate as a brown 

oil. 

'H NMR (400MHz. CDCI3): 5 8.42 (s, IH, purine-ii), 7.97 (s. la 
purine-H). 7.36-7.29 (m. 5H, Ar-fl). 6.21 (brs, IH), 5.13 (s. 2H. Cflz-Ar). 4.22 (brs, 
2H, cm. 3.43 (brs, 2H. CH2-N). 2.80 (brs. 2H; CiiH), 1.95-1.79 (m. 3H. C/ffl. 
CH), 1.34-1.21 (m, 2H, CHH). 

M.S. (M+1): 367.31. 



EXAMPLE 14: 

4-Methylbenzyl4-[(4-pyrimidinylamino)methyl]-l- 

piperidinecarboxylate 

Step 1: 

15 4.[(2-Methylsulfanyl-pyrimidin-4-ylamino)-methyl]-piperidine-l- 
carboxylic acid 4-methyl-benzyl ester 



SCHs 

The 4-[(2-methylsulfanyl-pyrimidin-4-ylaniino)-methyl]-piperidine-l-carboxyUc acid 
4-methyl-benzyl estra: was prepared as described in EXAMPLE 13, Step 2, but 
20 replacing 6-chloropurine with 4<hloro-2-methylthiopyrimidine and replacing benzyl 
4-(aminomethyI)-l-piperidinecarboxylate with 4-methyIbenzyl 4-(aminomethyl)-l- 
piperidinecarboxylate. M.S. (M+1): 387 
Step 2: 

4-Methylbenzyl4-[(4-pyTimidinylamino)methyl]-l- 
25 piperidinecarboxylate 
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4-[(2-Methylsulfanyl-pyiiinidin-4-ylaniino)-methyl]-piperidine-l- 
caiboxyUc acid 4-inethyl-ben2yl ester (550mg, 1.42imnol)was dissolved in EtOH 
(15mL) and treated with Raney Nickel (834mg. 14.20inmol) at room temperature for 
3h, filtered, concentrated and purified by silica gel chromatography to give 
5 EXAMPLE 14 as a yellow oil. 

'H NMR (400MHz, CDCI3): 6 8.53 (s, IH, Pyr-H). 8.13 (brd, 
J=4.48Hz, IH, Pyr-/f), 7.24 (d, J=7.86Hz. 2H, Ar-fl). 7.16 (d, J=7.68Hz, 2H, Ai-H), 
6.31 (dd, J=6.00H2, 1.20Hz, IH. Pyr-fl). 5.57 (s. IH, Nfl), 5.08 (s, 2H, CH2-Ar). 4.20 
(bn, 2H, cm, 3.23 (bre. 2H. C//2-N). 2.75 (brs. 2H, CHH). 2.34 (s. 3H, CHj), 1.82- 
10 1.65 (m. 3H. CHH, CH), 1.23-1.09 (m, 2H, CHH). 

M.S. (M+1): 341.35. 

EXAMPLE 15: 

Benzyl 4-[(4-pyriinidinylaniino)methyl]-l-piperidinecarboxylate 

X. 



15 



The title compound was prepared as described in EXAMPLE 14, but 
replacing 4-methylbenzyl 4-(aminomethyl)-l-piperidinecarboxylate with benzyl 4- 
(aminomethyl)-l-piperidinecarboxylate. 

'H NMR (400MHz, CDCI3): 5 8.53 (s, IH, Pyr-fl), 8.13 (brd, 
20 J=4.85Hz, IH, Pyr-/f), 7.38-7.28 (m, 5H, Ar-H), 6.32 (d. J=6.03Hz, IH, Pyr-iO. 5.51 
(brs, IH. N/J), 5.12 (s. 2H, CHj-Ar), 4.21 (brs, 2H, CflH). 3.24 (bis, 2H. Ofa-N), 
2.77 (brs, 2H. CflH). 1.85-1.70 (m, 3H, CflH. C/0. 1.27-1.10 (m, 2H, CflH). 

M.S. (M+1): 327.29. 



25 EXAMPLE 16: 

Benzyl 4-[(2-pyrinaidinylamino)methyl]-l-piperidinecarboxylate 
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The titte compound was piepaied as described in EXAMPLE 13, 
except using benzyl 4-(aimnoniethyl)-l-piperidinecarboxylate (6.50g, 26.19mniol) 
and 2-chloropyriinidine (990mg, 8.64mmol) as starting materials without a solvent to 
give the title compound as a yellow oil. 
5 'H NMR (400MHz. CDCI3): 5 8.26 (d, J=4.85Hz, IH, Pyr-if), 7.36- 

7.29 (m. 5H. Ax-H), 6.52 (t. J=4.S5Hz. IH, Pyr-/f), 5.12 (s, 2H. Cifz-Ar), 4.21 (brs. 
2H, CHH), 3.30 (t, J=6.26Hz. 2H, CHrN). 2.78 (brs. 2H. CHH), 1.76-1.62 (m. 3H, 
CHH, CH), 1.28-1.12 (m, 2H, C^ffl). 

M.S. (M+1): 327.33. 

10 

EXAMPLE 17: 

4-Methylbenzyl4-[(2-pyrimidinylamino)methyl]-l- 

piperidinecarboxylate 




15 The title compound was prepared as described in EXAMPLE 13, 

except using 4-methylbenzyl 4-(aminomethyl)-l-piperidinecarboxylate (300mg, 
1.14mmol). 2-chloropyrimidine (131mg, 1.14mmol) as starting materials gave the tide 
compound as a yellow oil. 

*H NMR (400MHz, CDCI3): 5 8.26 (d, J=4.76. 2H, Pyr-fl). 7-26 (d. 

20 J=8.96Hz. 2H, Ar-H), 7.17 (d, J=:8.96Hz, 2H. Ax-H), 6.31 (dd, J=4.85Hz, IH. ?yr-H), 
5.28 (s, IH. Nfl). 5.08 (s. 2H, CHrAi), 4.19 (bis. 2H, CHH). 3.32 (d, J=6.36Hz. 2H. 
CH2-N). 2.76 (bis. 2H, CfflH), 2.35 (s, 3H. CHi), 1.82-1.60 (m. 3H. CHH, CH). 1.25- 
L13(m,2H.CHH). 

M.S. (M+1): 341.37. 

25 

EXAMPLE 18: 

Benzyl 4-{ [(5-methyl-2-pyrimidinyl)amino]methyl }-l- 

piperidinecarboxylate 
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The title compound was prepared as described in EXAMPLE 13, 
except using benzyl 4-(aminoinethyl)-l-piperidinecaiboxylate (298mg, 1.20inmol). 2- 
chloro-5-methylpyrimidine (EXAMPLE 144, Step 1) (51mg. 0.40mmol) as starting 
5 materials and using no solvent and gave the title compound as a yellow oil. 

'HNMR (400MHz. CDCI3): 8 8.10 (s, 2H, Pyr-fl). 7.36-7.28 (m. 5H, 
Ar-fl). 5.47 (bt. J=4.98Hz. IH. NfO. 5.12 (s, 2H. CH2-A1), 4.19 (brs. 2H, CHH), 3.32 
(d. J=6.22Hz. 2H, CH2-N). 2.76 (brs, 2H, CHH), 2.10 (s, 3H. CH3), 1.82-1.63 (m, 3H. 
CHH. Cfl), 1.25-1. 12 (m. 2H, CHH). 
10 M.S. (M+1): 341.40. 

EXAMPLE 19: 

4-Methylbenzyl 4-({ [2-(methylsulfanyl)-4-pyrimidinyl]amino }methyl)- 
1-piperidinecaiboxylate 



15 



The title compound was prepared as described in EXAMPLE 13, 
except using 4-methylbenzyl 4-(aminomethyl)-l-piperidinecarboxylate (600mg, 
2.29mmol), and 4-chloro-2-methylthiopyrimidine (386mg, 2.40mmol) as starting 
materials and gave the title compound as a yellow oil. 

20 'H NMR (400MHz, CDCI3): 6 7.99 (bs. IH. Pyr-H), 7.25 (d, 

J=8.69Hz. 2H. Ar-fl). 7.17 (d, J=8.95Hz. 2H, Ar-fl). 6.00 (d, J=5.94Hz. IH. ?yr-H). 
5.08 (s. 2H. Cft-Ar). 4.97 (bs. IH. NH). 4.21 (brs. 2H. CHH), 3.24 (brs. 2H. CH2-N), 
2.75 (brs. 2H. CHH), 2.48 (s. 3H. CH3), 2.35 (s. 3H. CHj), 1.82-1.65 (m. 3H. CflH. 
CH), 1.27-1.12 (m, 2H. CHH). 

25 M,S. (M+1): 387.34. 
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EXAMPLE 20: 



Benzyl 4-{ [(6-<:hloro-4-pyrimidinyl)amino]methyl 
o 




piperidinecarboxylate 

The title compound prepared as described in EXAMPLE 13, 
5 OLcept using 4,6-dichloropyrimidine (1 .26g, 8.45inmol) in place of 6-chloropurine as 
starting materials and adding TEA (2.80mL, 20.13mmol) in lOmL DMF. The 
procedure gave the title compound as a yellow oil. 

'H NMR (400MH2, CDCU): 6 8.32 (s, IH, Pyr-/f), 7.37-7.28 (m. 5H, 
Ai-H), 6.35 (s. IH, Pyr-^O, 5.72 (s, IH, Ni^. 5.13 (s, 2H. CHz-Ar), 4.22 (brs. 2H, 
10 CHH), 3.23 (brs, 2H, CH2-N). 2.78 (brs, 2H. CflH).1.85-1.66 (m, 3H, CHH, CH). 
1.27-1.10 (m,2H,C//H). 

M.S. (M+1): 361.32. 

EXAMPLE 21: 

15 Benzyl 4-{[(2-amino-9H-purin-6-yl)amino]methyl}-l- 

piperidinecarboxylate 



Hie title compound was prepared as described in EXAMPLE 13, 
except using benzyl 4-(aminomethyl>l-piperidinecaiboxylate (300mg, 1.21mmol) 
20 and 4-amino-6-chloropurine (68mg, 0.40mmol) as starting material. The procedure 
gave the title compound as a yellow oil. 

'H NMR (400MHz. CDCI3): S 7.60 (s, IH, purine-^0, 7.38-7.28 (m, 
5H, Ar-H), 6.01 (vbs, IH, Nfl). 5.12 (s. 2H. CH2-A1), 4.86 (vbs. 2H. NH2), 4.19 (brs, 
2H, CHH). 3.48 (brs, 2H, CHj-N), 2.77 Qsrs, 2H, C/ffl).1.88-1.70 (m. 3H. CHH, CH), 
25 1.30-1.13 (m, 2H, CHH). 

M.S. (M+1): 382.31. 



N^N 




o 
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EXAMPLE 22: 

Benzyl 4-{ [(6-chloro-3-pyri4azinyl)aniino]inethyl}-l- 

piperidinecarboxylate 



U Y 



The title compound was prepared as described in EXAMPLE 13, 
except using benzyl 4-(anunomethyl)-l-piperidinecaiboxylate (1.08g, 4.34inmol), 3,6- 
dichloropyridiazine (636mg, 4.34nmiol) as starting materials which gave the title 
compound as a yellow oil. 
10 'H NMR (400MHz, CDCI3): 5 7.38-7.28 (m, 6H. Pyr-H, Ar-H), 7.15 

(d. J=9.24Hz, IH, Pyr-^O. 5.12 (s, 2H. CHj-Ar). 4.89 (bs. IH, Nfl), 4.22 (brs. 2H. 
CflH), 3.32 (brs, 2H, C//2-N), 2.78 (brs, 2H, CHH), 1.96-1.82 (m, IH. Cfl). 1-77 
(bid. J=12.34Hz, 2H. C«H), 1.27-1.12 (m. 2H, CHH). 
M.S. (M+1): 361.27. 



EXAMPLE 23: 

Benzyl 4-[(3-pyiidazinylamino)methyl]-l-piperidinecarboxylate 




Benzyl 4-{I(6-chloro-3-pyridazinyl)amino]methyl}-l- 
20 piperidinecaiboxylate (EXAMPLE 22) (400mg. 1.1 Immol) was dissolved in absolute 
ethanol. Raney nickel (65mg. 1.1 Inunol) was then added and the resulting reaction 
was stirred under latm hydrogen for 18h. The catalyst was filtered and the filtrate 
was concentrated under reduced pressure. The resulting clear oil was purified by 
silica gel chromatography to give the title compound as a clear oil. 
25 'H NMR (400MHz, CDCI3): 5 8.54 (dd, J=4.48Hz, 1.28Hz, IH, Pyr- 

H), 7.38-7.29 (m, 5H, Ar-fl). 7.14 (dd, J=9.05Hz. 4.48Hz, IH. Pyr-fl). 6.61 (dd. 
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J=8.96H2, 1.28Hz, IH. ?yt-H), 5.12 (s, 2H, Ci/2-Ar), 4.83 (bs, IH. N//). 4.22 (bis. 
2H. CHH), 3.33 (brs. 2H. CH2-N). 2.78 (brs. 2H. CHH). 1.96-1.71 (m, 3H, CflH.C/i). 
1.27-1.12 (m.2H,CHH). 

M.S. (M+1): 327.25. 

EXAMPLE24: 

Benzyl 4-{ [(6-hydroxy-3-pyridazinyl)amino]methyl }-l- 

piperidinecarboxylate 



10 Benzyl 4-{[(6-chloro-3-pyri<iazmyl)aimno]inethyl}-l- 

piperidinecaiboxylate (EXAMPLE 22) (37mg. O.lOmmol) was dissolved in acetic 
acid (5inL) with sodium acetate (82mg. l.OOmmol) and was heated to 100°C for 18h. 
The volatiles were removed under reduced pressure and the residue partitioned 
between sat. NaHC03 and ethyl acetate. The organics were dried over Na2S04, 

15 filtered and concentrated under reduced pressure, affording the title compound as a 
clear oil. 

NMR (400MHz, CDCI3): 5 10.78 (brs, IH, Ofl), 7.38-7.29 (m, 5H. 
Ar-H), 6.83 (d, J=10.01Hz, IH, Pyr-if), 6.78 (d, J=9.77Hz. IH, Pyr-fl). 5.12 (s, 2H. 
Cff2-Ar). 4.20 (brs, 3H. CHH. mf), 3.11 (brs, 2H. CH2-N), 2.78 (brs, 2H, CHH). 
20 1.87-1.65 (m, 3H, CflH,CH). 1.23-1.13 (m. 2H. CHH). 
M.S. (M+1): 343.34. 

EXAMPLE 25: 

4-(Pyrazin-2-ylaminomethyl)-pipetidine-l-carboxylic acid benzyl ester 

25 
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Benzyl 4-fonnyl-l-piperidinecaiboxylate (P£. Maligres, Tetrahedron, 
53f32) :10983-10992(1997)) (lOOmg. 0.40mmol) and aminopyrazine (46mg, 
0.48inmol) were dissolved in toluene under N2 and was heated to reflux under Dean 
Stark conditions for ISh. The volatiles were removed in vacuo and the residue taken 
5 up in ethanol and treated with soUd NaBH* (76mg. 2.00nimol) in small portions. The 
reaction aged at 20»C for Ih then was quenched with 2N HCl. The reaction was 
basified with IM NaOH and was extracted with ethyl acetate (2x). The combined 
organics were dried over NajSO*. filtered and concentrated in vacuo. The resulting 
residue was purified by reverse phase HPLC to give the tifle compound as a yellow 

»HNMR (400MHz, CD3OD): 5 8.08 (d,J=1.01H2.1H.Pyr-fl), 7.95 
(dd J=3.29Hz. 1.37Hz. IH, Pyr-/f). 7.71 (d, J=3.29Hz. IH. Pyr-fl). 7.35-7.28 (mi 5H. 
Ar-H) 5.10 (s. 2H, CHj^Ar). 4.18-4.14 (m. 2H. CHH). 3.27 (d. J=2.14Hz. 2H. CHr 
N). 2.83 (brs. 2H. CflH). 1.88-1.65 (m. 3H. CHH. CH), 1.23-1.09 (m. 2H. CflH). 
15 M.S. (M+1): 327.26. 

EXAMPLE26: 

Benzyl 4-[(1.3-thiazol-2-ylamino)methyl]-l-piperidinecarboxylate 

20 The tide compound was prepared as described in EXAMPLE 25, 

except using benzyl 4-formyl-l-piperidinecaiboxylate (300mg, 1.21mmol) and 2- 
amino-1.3-thiazole (133mg. 1.33mmol) as starting materials to give the tifle 

compound as a yellow oil. 

'H NMR (400MHz. CDCI3): 5 7.38-7.28 (m. 5H, Ar-H), 7.07 (d, 
25 J=3 66Hz, IH, thiazole-H). 6.45 (d. J=3.66Hz. IH. thiazole-Zf). 6.39 (brs, IH, NiJ), 
5.12 (s. 2H. CHrAr). 4.20 (brs, 2H. CHH), 3.15 (d. J=6.58Hz, 2H, CHM 2.77 (brs. 
2H. CiiH),1.89-1.71 (m, 3H. CflH, CH). 1.26-1.10 (m. 2H, CflH). 

M.S. (M+1): 332.34. 

30 EXAMPLE 27: 
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4-Methylbeiizyl 4.{ [(3-inethyl-2-pyridinyl)amino]methyll-l- 
o 



piperidinecarboxylate ^ 
Step 1: 

Benzyl 4-{[(3-methyl-2-pyridinyl)aminolcarbonyl}-l- 
5 piperidinecarboxylate 

-r( N ^ NH 





The benzyl 4-{[(3-inethyl-2-p)ddinyl)amino]carbonyl}-l- 
piperidinecarboxylate was prepared as described in EJCAMPLE 1. except that 1- 
[(benzyloxy)caibonyll-4-piperidinecarboxyUc add (S.OOg, 18.99mmol). 2-amino-3- 
10 methylpyridine (2.l6g. 19.94nimoi). EDC (4.37g, 22.79iiunol), and HOAt (2.71g. 
■l9.94inmol) and DMF (3inL) were used as starting materials. Benzyl 4-{ [(3-methyl- 
2-pyridinyl)amino3carbonyl}-l-piperidinecari>oxylate was isolated as an off-white 
solid and used without further purification. 
Step 2: 

15 Pipetidine-4-carboxylicacid(3-methyl-pyridin-2-yl)-amide 

Benzyl 4-{[(3-methyl-2-pyridinyI)aniino]carbonyl }-l- 
piperidinecarboxylate from Step 1 above (5.45g, 15.42mmol) was suspended in 
absolute ethanol (250mL) and was treated with 10% palladium on carbon (1.50g) and 
20 stirred vigorously for 18h under latm of hydrogen. The catalyst was filtered off and 
the filtrate was concentrated under reduced pressure giving the piperidine-4- 
carboxylic acid (3-methyl-pyridin-2-yl)-amide as yellow oil. 
Step 3: 
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4-(3-Methyl-pyridin-2-ylcarbainoyl)-piperidine-l-carboxylic acid 4- 
methyl-benzyl ester 




Piperidine-4-carboxylic acid (3-methyl-pyridin-2-yl)-aniide from Step 
5 2 above (lOOmg, 0.46nunol) and N-[4-(methylbenzyloxy)-carbonyloxy]succinimide 
(127mg, 0.48inmol) were combined in DMF at r.t. and were stirred vigorously for 
ISmin. The resulting reaction mixture was then purified by reverse phase preparatory 
HPLC to give 4-(3-methyl-pyridin-2-ylcaibamoyl)-piperidine-l-caiboxylic acid 4- 
methyl-benzyl ester as a clear oil. 
10 Step 4: 

4-[(3-Methyl-pyridin-2-ylamino)-methyl]-pipaidine-l-carboxylicacid 
4-methyl-benzyl ester 




4-(3-MethyI-pyridin-2-ylcarbamoyl)-piperidine-l-carboxylic acid 4- 
15 methyl-benzyl ester firom Step 3 above (65mg, O.lSmmol) was treated with IM BH3- 

THF (l.SOmmol, l.SOmL, IM in THF) over lOmin. and was aged at r.t. 4h. Tht 

reaction was quenched by slowly adding 2N HQ and stining vigorously for 30 min. 

The reaction was basified with sat NaHCOa and extracted vwth ethyl acetate (2x). 

The combined organics were washed with brine, dried over Na2S04, filtered and 
20 concentrated in vacuo, yielding a white foam which was purified by silica gel 

chromatography (99:10.1 to 95:5:0.5 CH2Cl2:CH30H:NH40H) to give EXAMPLE 

27 as a yellow oil. 

'H NMR (400MHz, CD3OD): 5 8.00 (d, J=2.47Hz, IH, Fyi-H), 7.26- 
7.15 (m, 6H, Pyr-H ,Ar-fl). 6.88 (dd, J=7.03Hz, 5.12Hz, IH, Pyr-H). 5.08 (s, 2H, 
25 CH2-Ar), 4.18 (brs, 2H, CHH). 3.39 (bis, 2H, Cft-N), 2.78 (brs. 2H, CHH). 2.35 (s. 
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. 3H, CH3). 2.07 (s, 3H, CH3). 1.90-1.60 (m, 3H. CflH. CH), 1.30-1.10 (m. 4.16Hz, 
2H,affl). 

M.S. (M+1): 354,41. 

5 EXAMPLE 28: 

4-Fluorobenzyl 4-{ [(3-methyl-2-pyridinyl)ainino]methyl )-l- 

piperidinecarboxyiate 

The piperidine compound (600mg, 2.74nmol) from EXAMPLE 27, 
Step 2, was treated in accordance with Steps 3 and 4 of that EXAMPLE 27, except 
10 that N-[4-(fluorobenzyloxy)-caibonyloxy]succiniinide (805mg, 3 .Olmmol) was used 
instead of N-[4-(methylbenzyloxy)-carbonyloxy]succiniinide in Step 3 to give 4- 
fluorobenzyl 4-{[(3-methyl-2-pyridinyl)amino]methyl}-l-piperidinecaiboxylate as a 

clearoil. 

NMR (400MHz. CDCI3): 5 7.99 (d, J=4.29Hz, IH. Pyr-fO. 7.34- 
15 7.31 (m, 2H, Ar-fl), 7.20-7. 18 (m, IH, Pyr-fl), 7.05-7.00 (m, IH, Pyr-fl). 6.50 (dd, 
J=7.13Hz. 5.12Hz. 2H. Ai-H), 5.08 (s, 2H. CHi-Ai). 4.22 (brs, 3H. CHH, Nfl). 3.38 
(bra, 2H. CH2-N), 2.77 (brs, 2H, C^. 2.06 (s, 3H, CH5), 1.84-1.77 (m, 3H. CHH, 
cm, 1.26-1.12 (m, 2H CHH)- 

M,S. (M+1): 358.35. 

20 

EXAMPLE 29: 

4-Chlorobenzyl 4-{[(3-methyl-2-pyridinyl)amino]mBthyl}-l- 

pipoidinecarboxylate 

The piperidine compound (600mg, 2.74iranol) from EXAMPLE 27, 
25 Step 2, was treated in accordance with Steps 3 and 4, except that N-[4-(chloiobenzyl- 
oxy)carbonyloxy]succinimjde (855mg, S.Olmmol) was used instead of N-[4- 
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(methylbenzyloxy)-carbonyloxy]succinimide in Step 3 to give 4.chlorobenzyl 4-{[(3- 
methyl-2-pyridinyl)amino]methyl}-l-piperidinecarboxylate as a clear oil. 

>H NMR (400MHz. CDCI3): 5 7.99 (dd. J=4.90Hz. 1.23Hz. IH. Pyr- 
H), 7.32-7.27 (m, 4H. Ar-H). 7.20-7.18 (m, IH. ?yt-H), 6.50 (dd, J=7.18Hz. 5.08Hz, 
5 IH, Pyr-/0. 5.08 (s. 2H. CHrAr). 4.20 (hrs, 3H. CHH, NH). 3.38 (brs, 2H. Ofj-N). 
2.78 (bts. 2H, CflH), 2.06 (a. 3H, 1.90-1.72 (m. 3H. CHH, Cfl). 1.26-1.12 (m, 
2HCHH). 

M,S. (M+1): 374.31. 

10 EXAMPLE 30: 

3-Huorobenzyl 4-[(4-pyridinylaniino)methyl]-l-piperidinecarboxylate 



Step 1: 



iV-(4-piperidinylmethyl)-4-pyridinamine 

-NH 




NH 



15 Benzyl 4-[(4-pyridinylainino)methyl]-l-piperidinecart)oxylate 

(EXAMPLE 1) (7g, 21mmol) was dissolved in abs. Ethanol (ISOniL) with 10% 
palladium on carbon (700mg) and stirred under latm of hydrogen for 2h. The catalyst 
was filtered off and the filtrate was concentrated under reduced pressure to afford the 
i«/.(4-piperidinylinethyl)-4-pyridinamine as a clear oil which was used without further 

20 purification. 
Step 2: 

3-Fluorobenzyl4-[(4-pyridinylaniino)me0iyl]-l-piperidinecaiboxylate 



V 



3-Huorobenzyl alcohol (30mg, 0.24inmol) was ti»ated witii 
25 triphosgene (24mg. O.OSnimol) and A^.(4-piperidinylniethyl>4-pyridinanune (SOmg, 
0.26mmol), and aged at 40''C for 45min. The resulting reaction solution was 
partitioned between 0.5M NaOH and ethyl acetate. The organics were separated, 
dried over Na2S04. filtered and concenb:ated under reduced pressure. The resulting 
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oU was purified by preparatory HPIjC to give the TFA salt of EXAMPLE 30 as a 
yellow oil. M.S. (M+1): 344.36. 

The following EXAMPLES 32-36 were prepared as described above 
5 in EXAMPLE 30, but replacing 3-fluorobenzyl alcohol with the appropriate alcohol: 

EXAMPLE 31: 

2-Nfcthylbenzyl4-[(4-pyridinylainino)mefliyl]-l-piperidinecarboxylate 



EXAMPLE 32: 

3-Methylbenzyl4-[(4-pyridinylamino)niethyl]-l-piperidinecarboxylate 



EXAMPLE 33: 

4-Methylben2yl4-[(4-pyridinylaimno)inethyl]-l-piperidinecaiboxylate 




M.S. (M+1): 340.38. 



O 




15 



M.S. (M+1): 340.39. 



o 




M.S. (M+1); 340.29. 



EXAMPLE 34: 
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2-Methoxybenzyl 4-[(4-pyridinylainino)inethyl]-l- 
piperidinecarboxylate 




M.S. (M+1): 356.37. 

5 

EXAMPLE 35: 

3-Methox^nzyl4-[(4-pyridinylaimno)methyl]-l- 

piperidinecaiboxylate 



JO W^N 



10 M.S. (M+1): 356.37. 

EXAMPLE 36: 

4-Methoxybenzyl 4-[(4-pyridinylanmio)methyl]-l- 

pipendinecarboxylate 

15 ■ ■ 
M.S. (M+1): 356.36. 



EXAMPLE 37: 

4-Fluoiobenzyl 4-[(2-pyrimidinylainino)methyl]-l- 

20 piperidinecarboxylate 
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Benzyl 4-[(2-pyriimdinylainino)inethyl]-l-piperidinecarboxylate 
(EXAMPLE 16) was hydiogenated as described in EXAMPLE 30, Step 1. 
Treatment with N-[4-(fluorobenzyloxy)-carbonyloxy]succinimide as described in 
5 EXAMPLE 27, Step 3, afforded the 4-fluorobenzyl 4-[(2-pyriniidinyIamino)methyll- 
l-pipCTidinecarboxylate. 

NMR (400MH2. CDCI3): 5 8.26 (d, J=4.89Hz, 2H. Pyr-/0. 7.35- 
7.27 (m. 2H, Ar-H), 7.05-7.01 (m, 2H, Ar-H). 6.53 (t. J=4.76Hz. IH. Pyr-Jf). 5.45 
(bit, J=5.73Hz. IH, NH), 5.08 (s, 2H, CHj-Ar). 4.20 (brd, J=27.6Hz. 2H, CHH), 3.32 
10 (t. J=6.22Hz, 2H. CH2-N), 2.77 (brs, 2H. CHH). 1.83-1.75 (m. 3H, CHH, CH), 1.26- 
1.15(m.2HCflH). 

M.S. (M+1): 345.35. 

EXAMPLE 38: 

15 4-Chlorobenzyl4-[(2-pyrimidinylan)ino)methyl]-l- 
piperidinecaiboxylate 

The title compound was prepared as described in EXAMKLE 37, 
except replacing N-[4-(fluoK)benzyl(»y)-carbonyloxy]succiniimde with N-[4- 
20 (chloroben2yloxy)carbon^oxy] succinimide. 

•h NMR (400MHz. CDCI3): 5 8.25 (d. J=4.75Hz. 2H. Pyr-^0. 7.33- 
7.27 (m. 4H, Ar-H). 6.51 (t. J=4.84H2, IH. Pyr-fl). 5.77 (bs, IH. Nif), 5.08 (s. 2H. 
CHz-Ax), 4.18 (brs. 2H, CHH). 3.32 (bit, J=6.12Hz. 2H, CH2-N). 2-77 (brs. 2H. 
CflH), 1.84-1.75 (m, 3H. CHR, CH), 1.26-1.12 (m. 2H CHH). 
25 MS. (M+1): 361.32. 



EXAMPLE 39: 
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(as)-3-hydioxy-4-(pyri<Un-4-ylaminomethyl)-piperidine-l-caiboxyUc 

acid benzyl esterStep 1: 

l-Ben2yl-4-hydroxymethyl-piperidin-3-ol 




Sodium boiohydride (40g) was added in portions to a stined solution 
of ethyl N-beazyl-3-oxopiperidine-4-caiboxylate hydrochloride (23.6g. POmmol) in 
methanol (SOOmL). over 2h. Water (300mL) was added slowly, the mixture stirred 
for 15min and then the organics were evaporated. The residue was partitioned 
10 between DCM and water (x3), the combtoed organic layers dried over anhydrous 
sodium sulfate, and the solvent evaporated to give l-benzyl-4-hydroxymethyl- 
piperidin-3-ol product as a cis/trans mixture, which was used ih the next step without 
further purification. M.S(M+1): 222. 
Step 2: 

15 3.Hydroxy-4-hydroxymethyl-piperidine-l-cari30xylic acid benzyl ester 

o 

A, 



OH 



A solution of the l-benzyl-4-hydroxymethyl-piperidin-3-ol from 
Step 1 above (13.5g) in methanol (450niL) was hydrogenated at 50psi over 20% 
paUadium hydroxide on charcoal (lOg) for 48h in three batches. The combined 

20 reaction mixtures were filtered and the filtrate evaporated to give an oil. This was 
dissolved in water (lOOmL) and dioxane (lOOmL). cooled to 5°C, and benzyl 
chloroformate (7.8mL) was added slowly, with addition of IM NaOHto maintain a 
pH of 10-1 1. After 30min, the cooling bath was removed and reaction mixture stirred 
for 30min. The reaction mixture was concentrated to remove dioxane and the residue 

25 extracted with EtOAc (x3). The combined extracts were washed with brine, dried 
over anhydrous sodium sulfate and solvent evaporated to give a mixture of cis and 
trans 3.hydroxy-4-hydroxymethyl-piperidine-l-carboxyUc acid benzyl ester products. 
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Purification by flash column chromatography (80% EtOAc hexane to 5% MeOH 
EtOAc) gave the upper Rf cis isomer (major) and the lower Rf trans isomer (minor). 
MS (M+1): 266. 

Step 3: 

(Cis)-3-hydroxy-4-(toluene-4-sulfonyloxymethyl)-piperidine-l- 
caihoxylic acid benzyl ester 

o 



A solution of the (cis)-3-hydroxy-4-hydroxymethyl-piperidine-l- 
carboxylic acid benzyl ester from Step 2 above (7.65g) in chloroform (200mL) was 

10 treated with pyridine (2.6mL) and 4-toluenesulfonyl chloride (6.05g) and the reaction 
mixture heated to 60°C for 18h. Additional pyridine (0.85mL) and 4-toluenesulfonyl 
chloride (2.0g) were added to the cooled reaction and heating continued for a further 
24h. The resulting reaction mixture was cooled to room temperature and washed with 
10% aqueous citric acid solution and water, dried over anhydrous sodium sulfate and 

15 the solvent evaporated to give, after flash column chromatography, the (cis)-3- 

hydroxy-4-(toluene-4-sulfonyloxymethyl)-piperidine-l-carboxylic acid benzyl ester. 

Step 4: 

(Cis)-4-aminomethyl-3-hydroxy-piperidine-l-carboxylic acid benzyl 

ester 



OH 



A solution of the tosylate compound (6.80g) from Step 3 above was 
tUssolved in DMF (50mL) and treated with sodium azide (3.16g). The reaction 
mixture was then heated to SOX for 48h, cooled to room temperature and partitioned 
between dilute aqueous sodium bicarbonate and EtOAc. The organic layer was 
25 washed with brine, dried over anhydrous sodium sulfate and solvent evaporated to 
give the azide (5.23g) which was dissolved in THE (50mL) and treated with 
triphenylphosphine (14.07g) and water (3.25mL). The reaction mixture was stirred 
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for 18h at room temperature, the volatiles evaporated and the residue purified by flash 
colurmi chromatography (DCM to 80/20/2 DCM MeOH NH40H) to give (cis)-4- 
aminomethyl-3-hydroxy-piperidine-l-carboxylic acid benzyl estra: as an oil. 
M.S(M+1): 265. 

Step 5: 

(Cis)-3-hydroxy-4-(pyridin-4-ylaminomethyl)-piperidine-l-carboxylic 
acid benzyl ester 

O 



A mixture of the cis 4-aminomethyl-3-hydroxy-piperidine-l-carboxylic 
10 acid benzyl ester (245mg) from Step 4 above, 4-chloropyridine (105mg) and 

isopropanol (0.4mL) was heated to 120"C in a sealed vial for 24h, cooled to room 
temperature and the solvents evaporated. The resulting crude mixture was purified by 
flash column chromatography (DCM to 80/20/2 DCM MeOH NH40H) to give 
impure cis 3-hydroxy-4-(pyridin-4-yIaminomethyl)-piperidine-l-carboxyUc acid 
15 benzyl ester. This was purified by preparative reverse phase HPLC (95% H2O 5% 
MeCN to 100% MeCN both containing 0.1% TFA). Evaporation gave an oil which 
was partitioned between DCM and aqueous sodium bicarbonate solution. The organic 
layer was dried over anhydrous sodium sulfate and solvent evaporated to give a white 
solid. M.S (M+1): 342. 



EXAMPLE 40: 

(->(Cis)-3-hydroxy-4-(pyridin-4-ylanQinomethyl)-piperidine-l- 

carboxylic acid benzyl ester and (+Hcis)-3-hydroxy-4-(pyridin-4-ylaminomethyl)- 
piperidine-l-carboxylic acid benzyl ester 
25 The enantiomers of (cis>3-hydroxy-4-(pyridin-4-ylaminomethyl)- 

pipeiidine-l-carboxylic acid benzyl ester were separated by preparative HPLC on a 
Chiralpak® AD column, eluting with 70% (0.1% diethylamine in hexane) 30% 
isopropanol to give the earlier eluting (-) enantiomer followed by the (+)-enantiomer. 

30 EXAMPLE 41: 
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(cis)-3-hydK)xy-4-(pyridin-4-ylaminomethyl>piperidine-l-carboxylic 
acid 4-methyl-benzyl ester 
Step 1: 

3-Hydroxy-4-t(2,3,5,6-tetrachloro-pyridin-4-ylamino)-methyl]- 
5 piperidine-l-carboxylic acid benzyl ester 




2,3,5 ,6-tetrachloro-4-nitropyridine (S. M. Roberts et al., J. Chem. Soc. 
C, 2844-2848(1968)) (1.7g, 6.5mmol) was added to a solution of (cis)-4- 
aminoniethyl-3-hydroxy-piperidine-l-carboxylic acid benzyl ester (1.71g, 6.49inmol) 

10 and N-methylmorphoUne (0.785mL, 7.15nimol) in TWF (50mL) at room temperature. 
The resulting reaction mixture was stirred for ISh at room temperature then 
partitioned between EtOAc and water. The organic layer was washed with saturated 
sodium bicarbonate solution, dried over anhydrous sodium sulfate and the solvent 
evaporated to give crude product purified by flash column chromatography (20-80% 

15 EtOAc hexane) to give 3-hydroxy-4-t(2.3,5,6-tetrachloro-pyridin-4-ylamino>methyl]- 
piperidine-l-carboxylic acid benzyl ester compound. M.S (M+1): 478. 
Step 2: 

4-CPyridin-4-yIaininomethyl)-piperidin-3-ol 




20 A suspension of 3-hydroxy-4-[(2,3,5,6-tetrachloro-pyridin-4-ylamino)- 

methyl]-piperidine-l-carboxylic acid benzyl ester compound from Step 1 above 
(1.64g) and potassium carbonate (6g) in ethanol (200mL) was hydrogenated at 60psi 
over Ig of 10% palladium on charcoal for 5h. The reaction mixture was filtered and 
the solids washed well with ethanoL The filtrate was evaporated, taken up in 40% 

25 MeOH DCM and refiltered. The filtrate was evaporated to give crude 4-(pyridin-4- 
ylaminomethyl)-piperidin-3-ol product used without further purification in the next 
. step. 
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Step 3: 

(Cis)-3-hydroxy-4-(pyridin-4-ylaniinomethyl)-piperidine-l-^ 
acid 4-methyl-beii2yl ester 




5 A suspension of the 4-(pyridin-4-ylaminoinethyl)-piperidin-3-ol ficom 

Step 2 above (0.076g, O.367mmol) in DMF (1.5inL) was treated with carbonic acid 
2.5-dioxO"pyrrolidin-l-yl ester 4-methyl-ben2yl ester (0.097g. 0.37inmol) 
(INTERMEDIATE lA) and the resulting reaction mixture stirred at rt for 5min. The 
mixture was then partitioned between dilute sodium carbonate solution and EtOAc. 

10 The organic layer was washed with saturated sodium bicarbonate solution and brine, 
dried over anhydrous sodium sulfate, and the solvent evaporated to give a crude 
product. Purification by flash column chromatography (DCM to 80/20/2 DCM 
MeOH NH40H) afforded the cis 3-hydroxy-4-(pyridin-4-ylaminomethyl)-piperidine- 
l-carboxylic acid 4-methyl-benzyl ester compound. M,S ^+1): 356. 



EXAMPLE 42: 

(Cis)-3-hydroxy-4-(pyridin-4-ylaimnomethyl>piperidine-l-carboxyU 
acid 4-ethyl-ben2yl ester 




20 The title compound was prepared as described in EXAMPLE 41, Step 

3, but replacing carbonic acid 2,5-dioxo-pyrrolidin-l-yl ester 4-methyl-ben2yl ester 
with carbonic acid 2,5-dioxO"pyn:olidin-l-yI ester 4-ethyI-benzyl ester 
(INTERMEDIATE ID). M.S (M+1): 370 



25 EXAMPLE 43: 
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(Cis)-3-hydroxy-4-(pyridin-2-ylaminoinethyl)-piperidine-l-caiboxyUc 
acid benzyl ester 




10 



A mixture of (cis)-4-aininomethyl-3-hydioxy-piperidine-l-caiboxylic 
acid benzyl ester (O.lg. 378mmol) and 2-fluoropyridine (0.25inL) was heated to 
UO^C for 24h. The reaction mixture was partitioned between ROAc and water. The 
organic layer was washed with brine, dried over anhydrous sodium sulfate, and the 
solvent evaporated to give a (ci8>3-hydroxy-4-(pyridin-2-ylaminomethyl)-piperidine- 
l-caiboxyUc acid benzyl ester crude product, which was purified by flash column 
chromatography (50% EtOAchexane to 5% MeOHEtOAc). M.S (M+1): 342 



15 



EXAMPLE 44: . 

4-[(3-Cyano-pyridin-2-ylamino)-methyl]-piperidine-l-carboxyhcacid 

benzyl ester 

O 



20 



A mixojie of benzyl 4-(aminomethyl)piperidine-l-carboxylate 
(EXAMPLE 13. Step 1) (Ig. 4.03mmol) and 3-cyanopyridine (0.25g) was heated to 
lOO'C for 30min. The reaction mixture was partitioned between EtOAc and pH5.2 
citiate buffer. The organic layer was washed witii brine, dried over anhydrous sodium 
sulfate, and the solvent evaporated to give a solid which was stirred witii 5mL ether 
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and 0.5niL EtOAc for Ih and filtered to give the title compound as a soUd. M.S 
(M+1): 351 

EXAMPLE 45: 

4-[(3-Chloro-pyridin-2-ylaniino)-methyll-piperidine-l-carboxylicacid 

benzyl ester 



10 



15 



A mixture of benzyl 4-(aminomethyl)piperidine-l-carboxylate 
(EXAMPLE. 13, Step 1) (Ig. 4.03mmol) and 2.3-dichloropyridine (0.25g) was heated 
to lOO'C for 12h. THe reaction mixture was cooled and partitioned between EtOAc 
and pH5.2 citrate buffer. The organic layer was washed with brine, dried over 
anhydrous sodium sulfate and the solvent evaporated to give a crude product. 
Purification by flash column chromatography (5-50% EtOAc hexane) afforded the 
title compound. M.S (M+1): 360. 

EXAMPLE 46: 

4-[(3-Trifluoromethyl-pyridin-2-ylamino)-methyl]-piperidine-l- 

carboxyUc acid benzyl ester 




'(An 




20 A mixture of benzyl 4-(aminomethyl)piperidine-l-carboxylate 

(EXAMPLE 13. Step 1) (Ig, 4.03mmol) and 2-chlon)-3-trifluoromethylpyridine 
(0.25g) was heated to lOO'C for 12h. The reaction mixture was cooled and 
partitioned between EtOAc and pH5.2 citrate buffer. The organic layer was washed 
with brine, dried over anhydrous sodium sulfate, and the solvent evaporated to give a 
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crude product Purification by flash column chronuitography (5-50% EtOAc hexane) 
afforded the tide compound. M.S (M+1): 394. 

EXAMPLE 47: 

4-[(3-Chloro-pyrazin-2-ylainino)-inethyl]-piperidine-l-carboxylicacid 

benzyl ester 

1 ^ 



HN 



A mixture of benzyl 4-(aminomethyl)piperidine-l-carboxylate 
(EXAMPLE 13. Step 1) (1.25g. 5.04mmol) and 2.3-dichloropyrazine (0.25g) was 
10 heated to 100*C for Ih. The reaction mixture was cooled and partitioned between 
EtOAc and pH5.2 citrate buffer. The organic layer was washed witii brine, dried over 
anhydrous sodium sulfate, and the solvent evaporated to give a crude product. 
Purification by flash column chromatography (5-50% EtOAc hexane) afforded the 
tide compound. M.S(M+1): 361. 

15 

EXAMPLE 48: 

4-[(3-Hydroxy-pyrazin-2-ylamino)-methyl]-piperidine-l-carboxylic 

acid benzyl ester 
Step 1: 

20 3-[(Piperidin-4-yhnethyl)-amino]-pyrazin-2-ol 

o 



4-[(3-Chloro-pyra2in-2-ylamino)-methyl]-piperidine-l-carboxylic add 
benzyl ester (EXAMPLE 47) (2.21g. 6.12mmol) and 3M HCl (200mL) was heated to 
reflux for 18h, cooled to rt and the volatiles evaporated. The residue was azeotroped 
25 with ethanol (3xl00mL) and then stirred witii 50mL etfier for Ih. filtered and tiie soUd 
dried to yield a cream solid. 
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Step 2: 

4-[(3-Hydroxy-pyrazin-2-ylamino)-methyl]-piperidine-l-carboxylic 
acid benzyl ester 




5 To a solution of 3-[(piperidin-4-ylmethyl)-amino]-pyrazin-2-ol from 

Step 1 above (0.287g, 1.021mmol) in DMF (5mL) was added triethylamine 
(0.356mL, 2.55minol), followed by N-(benzyloxycarbonyloxy)succininiide (0.305g, 
1.23nunol). The resulting reaction mixture was stirred at rt for 15min, then 
partitioned between EtOAc and water. The organic layer was washed with water and 

10 brine, dried over anhydrous sodium sulfate and the crude product purified by flash 
column chromatography (50% EtOAc hexane to 5% MeOHEtOAc) to give an ml 
which solidified on standing. M.S (M+1): 343.24. 

EXAMPLE 49: 

j5 4-[(5-Chloro-pyrimidin-4-ylamino)-methyl]-pipMidine-l-carboxylic 

acid benzyl ester 
Stepl: 

4-[(2,5,6-'nichloio-pyrimidin-4-ylamino)-methyl]-piperidine-l- 
carboxylic acid benz^ estw 

a 




To a solution of benzyl 4-(aminomethyl)piperidine-l-carboxylate 
(EXAMPLE 13, St^ 1) and NJ«T-diisopropylethylamine (2.6g, 20mmol) in THF 
(40mL) at -78*C was added a solution of tetrachloropyrimidine (4.4g, 20nmiol). The 
cooling bath was removed and the solution was stirred for 45 min. The solution was 
25 concentrated and purified by filtering tiirough a pad of silica gel using etiier. 
Step 2: 
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4-[(5-ailoro-2.6-lMs-methyl8ulfanyl-pyrimidin-4-ylammo)-niethyll^ 
piperidine-l-carboxylic acid benzyl ester 

HsCx- 




To 4-[(2,5,6-tricWoK)-pyriimdin-4-ylaniino)-methyl]-piperidine-l- 
5 caiboxylic acid benzyl ester (Ig, 2.33mmol) in DMF was added sodium 

thiomethoxide (0.4g, 5.8mmoI). nieresulting reaction mixture was stirred for 2h and 
quenched with aqueous ammonium chloride. The product was extracted with ethyl 
acetate, dried (Na2S04), concentrated, and purified by siUca gel chromatography 
(ether /hexanes). 
10 Step 3: 

4-[(5-Chloro-pyrimidin-4-ylamino)-methyl]-piperidine-l-caiboxylic 
acid benzyl ester 




. 4.[(5^hloro-2,6-bis-methylsulfanyl-pyrimidin-4-ylamino)-methyl]- 
piperidine-l-carboxylic acid benzyl ester (l.Og, 2.2mmol) was suspended in ethanol 
(15mL) and ethyl acetate added to give a homogeneoussolhution, and excess Raney 
nickel was added. The resulting reaction mixture was stirred overnight. More Raney 
Nickel was added and the reaction mixture was heated to SO^C for 3h. The mixture 
was filtered and the solids were washed with hot ethano^ethyl acetate several times. 
The organics were concentrated and the resulting residue was purified by silica gel 
chromatography (isopropanol/methylene chloride). The product was dissolved in 
ether and treated vwth ethereal HQ (2.2mmol) to form the HCl salt which was 
collected by filtration. The resulting 4-[(5-chloro-pyrimidin-4-ylamino)-methyl]- 
piperidine-l-carboxyHc acid benzyl ester hydrochloride salt was collected by filtration 
as a colorless solid. 
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'HNMR (400MHz, CD3OD): 6 8.67 (s, Ih, pyrimidine), 8.45 (s, Ih, 
pyrimidine). 7.32 (m. 5h. Ar). 5.10 (s. 2h. CflH). 4.15 (d. 7 = 13.0 Hz. 2h. CHH), 3.58 
(d. 7 = 7.2 Hz, 2h, cm, 2.83 (m, 2h. CHH), 1.97 (m. Ih. CH). 1.74 (d, J = 12.0 Hz. 

2h,CflH). 
5 M.S (M+1): 361.3 

EXAMPLE50: 

4-[(2-Hydroxymethyl-pyridin-4-ylainino)-methyl]-piptaidine-l- 

carboxylic acid benzyl ester 
10 Step 1: 

Benzyl 4-(aininomethyl)piperidine-l-caiboxylate 

o 

4-Aminoinethylpiperidine (40g, 350mmol) and benzaldehyde 
(37.3mL, 368inmol) in toluene (600mL) were heated to reflux under dean stark 

15 condition for 2h. The reaction mixture was cooled to room temperature and SOOmL 
dichloromethane added. The solution was cooled to S'C and treated with N- 
(benzyloxycart)onyloxy)succinimide (91.7g. 368mmol). After lOmin.. the cooUng 
bath was removed and the reaction mixture stirred for Ih. The solvents were 
evaporated and the residue stirred with 400mL THF and 400mL 2M HCl for Ih. The 

20 mixture was concentrated to remove organics and extracted with ether (3x300mL). 
The aqueous phase was adjusted to pH14 with 50% NaOH jmd extracted with elhyl 
acetate. The organic layer was washed with water and brine, dried over anhydrous 
sodium sulfate, and the solvent evaporated to give benzyl 4-(aminomethyl)piperidine- 
1-carboxylate compound. 

25 Step 2: 

4-[(l-Ben2yloxycarbonyl-piperidin-4-yknethyl)-amino]-pyndine-2- 
carboxylic acid 
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To a solution of 4-chloropicolinic acid (0. 8gm, 0.005 Imol) in DMSO 
(4niL) was added benzyl 4-(aniinomethyl)piperidine-l-carboxylate ( 2.5gm, 
O.OlOmol) and the mixture warmed to 140°C for 18h. The reaction was cooled and 
diluted with 10 % sodium bicarbonate (lOOmL) and washed with ether (2x 25mL). 
5 The aqueous extract was washed with dichloromethane (3x SOmL), and the 

dichloromethane extract dried over sodium sulfate and concentrated to an oil (2.4gm). 
The oil was chromatographed on silica using dichloromethane/methanol/acetic 
acid/water-90/lO/l/l to give 4-[(l-benzyloxycari)onyl-piperidin-4-yhnethyl)-amino]- 

pyridine-2-ca]:boxylic acid. 
10 'H NMR 400MHz (8, DMSO) 8: 8.98 (s. IH); 8.2-8.0 (m, IH); 7.6-7.2 

(m, 5H); 7,01(brs, IH); 5.08(s. 2H); 4.02 (brd. 2H); 2.80 (brs, 2H); 1.8-1.6 (m, 3H); 
1.3-1.1 (m,2H). 

M.S.(M+1): 370. 

Step 3: 

15 4-[(2-Hydroxymethyl-pyridin-4-ylamino)-methyl]-piperidine-l- 
carboxylic acid benzyl ester 




To a 0"C solution of 4-[(l-benzyloxycaibonyl-piperidin-4-yhnethyl)- 
amino]-pyiidine-2-caiboxyUc acid (0.59gm. 0.0016mol) in THF (2mL) under nitrogen 

20 was added a solution of l.OM borane-tetrahydrofuran (6mL) and the mixture allowed 
to stir at room temperature for Ih. The reaction was cooled to 0°C, quenched with IN 
HCl (lOmL), concentrated and diluted with 10% aqueous sodium bicarbonate. 
Extraction with dichloromethane (2x 50mL)and concentration of the organic layer 
gave 540mg of crude material. Column chromatography using 

25 dichloromethane/methanol/ammonium hydroxide-90/10/2 and crystallization from 
diethyl ether gave 4-[(2-hydroxymethyl-pyridin-4-ylamino)-methyl]-piperidine-l- 

carboxylic acid benzyl ester. 

'H NMR (400MHz CDCL3) 8: 8.13 (d, IH, J=6.8Hz ); 7.5-7.1 (m, 
5H); 6.35 (m, 2H): 5.12(s, 2H); 4.61 (s. 2H); 4.20 (brm. 3H); 3.08 (m, 2H); 2.78(m. 
30 2H) 1.8-1.6 (m, 3JJ); 1.3-1.1 (m, 2H). 

M.S.(M+1): 356. 
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EXAMPLE 51: 

4-[(2-Dimethylan)inomethylrpyridin-4-ylamino)-methyl]-piperidine-l- 

carboxylic acid benzyl esto: 
5 Stepl: 

4-[(2-Dimethylcarbamoyl-pyridin-4-ylaimno)-methyl]-piperidine-l- 
caiboxylic acid benzyl ester 



25 



P 



To a mixture of 4-[(l-benzyloxycarbpnyl-piperidin-4-yImethyl)- 
10 aimno]-pyridine-2-caiboxyKc acid (EXAMPLE 50. Step 2) (50mg. 0.000135mol). 1- 
hydroxybenzotriazole hydrate (31mg, 0.0002mol). 2.0M dimethylamine/THF 
(O.lOOmL, 0.0002mol) and triethylamine (0.048mL, 0.0002mol) in DMF (2mL) was 
added l-ethyl-3-(3-dimethylaimnopropyl)carbodiimide hydrochloride (39mg, 
0.0002mol) and the mixture allowed to stir at room temperature for 7 days. The 
15 mixture was quenched into water (lOmL) and extracted with ethyl acetate (20mL). 
The ethyl acetate extract was washed with 10% aqueous sodium bicarbonate (lOmL), 
brine (5mL). dried over sodium sulfate and filtered. The filtrate was concentrated in 
vacuo and the residue chromatographed (reverse phase C-18 using acetonittile/O.l % 
trifluoroacetic add in water) to give 4-[(2-dimethylcaibamoyl-pyridin-4-ylamino> 
20 methyl]-piperidine-l-caiboxyUc acid benzyl ester as its ttifiuoroacetate salt. 
M.S.(M+1): 397. 
Step 2: 

4-[(2-dimethylaininomethyl-pyridin-4-ylamino)-methyl]-piperidine-l- 
carboxylic acid benzyl ester 




To 4-[(2-Dimethylcarbamoyl-pyridin-4-ylamino)-methyl]-piperidine- 
1-carboxylic acid benzyl ester (28mg. 0.05mmpl) was added a solution of l.OM 
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borane-tetrahydiofuran (2niL). The reaction was stiired at room temperature for 24h. 
The reaction was quenched with IN HCl (2mL) and concentrated in vacuo to an oil. 
Reverse phase chromatography (C-18 using acetonitrile/0.1 % trifluoroacetic acid in 
water) gave upon concentration in vacuo EXAMPLE 51. 
5 'H NMR (400MHz CD3OD) 5: 8.10 (m, IH ); 7.4-7.2 (m. 5H); 7.2- 

6.8 (m. 2H); 5.12(s. 2H); 4.41 (s. 2H); 4.18 (m. 2H; 3.30(m, 2H); 2.78(m, 2H) 1.8-1.6 
(m.3H);1.3-l.l(m.2H). 

M.S.(M+1): 383. 

10 EXAMPLE 52: 

4-[(2-Methylaininoniethyl-pyridin-4-ylamino)-methyl]-pipeiidine-l- 

caiboxylic acid benzyl ester 



20 




The titie compound was prepared in a similar manner to EXAMPLE 
15 51, except replacing dimethylamine with methylamine in Step 1. M.S.(M+1): 369. 

EXAMPLE 53: 

4-[(3-Chloro-pyra2in-2-ylamino)-methyl]-piperidine-l-caiboxyUcacid 
4-fluon)-benzyl ester 



To 2.3-dichloropyrazine (0.160gm, 0.00107mol) was added 4- 
fluorobenzyl 4-(aminoniethyl)piperidine-l-carboxyIate (INTERMEDUTE 2C) 
(0 86gm. 0.00322mol) and the resulting mixture heated under nitrogen at llO'C for 
SOmin. The reaction was cooled, diluted with ethyl acetate (50mL). and washed with 
25 10% aqueous sodium/citric add pH=5.2 (3X SOmL), and 10% aqueous sodium 

bicarbonate (30inL). The ethyl acetate extract was dried over sodium sulfate, filtered 
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through a pad of silica and concentrated to an oil. Crystallization from ether/hexane 
gave 4-[(3-chloio-pyrazin-2-ylamino)-methyl]-piperidine-l-carboxylic acid 4-fluoro- 

benzyl ester, 

IH NMR (400MHz DMSO de) 5: 7.99 (d, IH, 1=2.1 Hz ); 7.52{d, IH. 
5 J=2.7 Hz); 7.41 (d. IH, J=5.7 Hz);7.39( d. IH. J=5.7 Hz); 7.19 (m. 2H); 7.16 (m, IH); 
5.03 (s. 2H); 3.97 (m, 2H); 3.25 (m. 2H); 2.75 (m. 2H); 1.9 (m. IH); 1.7 (m, 2H); 1.1- 
0.9 (m, 2H). 

M.S.(M+1): 379. 

10 EXAMPLE 54: 

4-Hydroxy-4-(pyridin-4-ylaimnoinethyl>piperidine-l-caiboxylicacid 

benzyl ester * TFA salt 
Step 1: 

4-Anrinomethyl-l-benzyl-piperidin-4-ol 




A mixture of l-benzyl-4-hydroxy-piperidine-4-carbonitrile (5.00g, 
19.78nunol) and BH3.THF (59.35nmiol, 59.35mL, IM in THF) was heated at 80''C 
for Ih. Cooled to O^C and quenched with cone. HCl (20niL), the reaction solution 
was then stirred at rt in Ih. The reaction solution was basified with ION NaOH to 
20 pH8, and extracted with ethyl acetate (3 x lOOmL). The combined extracts were 
washed with water (50mL), brine (30inL), dried over Na2S04. filtered and 
concentrated in vacuo to give 4-aimnoniethyl-l-benzyl-piperidin-4^)l. 

M.S.(M+1):221.31 

Step 2: 

25 4-BOC-aniinomethyl-l-ben2yl-piperidin-4-ol 




To a cooled (0°C), stirred solution of 4-aniinoinethyl-l-benzyl- 
pipetidin-4-ol (4.00g, 18.16mmol) in dry CHjCh (40niL). under N2 was slowly added 
BOC2O (4.36g, 19.97inmol) dissolved in dry CH2a2 (5mL). The ice bath was 
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removed and the reaction solution allowed to warm to rt over Ih, then concentrated in 
vacuo. The residue was purified by silica gel chromatography, 1 - 10 (10% NH4OH in 
MeOH) / 99 - 90 CH2CI2) to give 4-BOC-aininomethyl-l-benzyl-piperidin-4-ol. 
M.S.(M+1):321.41 

Step 3: 

4-BOC-aminomethyl-piperidin-4-ol 



OH 



A mixUire of 4-BOC-aminomethyl-l-benzyl-piperidin-4-ol (0.50g, 
1.56imnol), Pd(OH)2 (20% on carbon, 0.05g) in absolute ethanol (ISmL) was shaken 
10 under 60psi H2 atmosphere for 3h. FUtered and concentrated, the reaction gave 4- 
BOC-aininomethyl-piperidin-4-ol. M.S.(M+1):23 1 .28 
Step 4: 

4-BOC-aminometiiyl-l-CBZ-piperidin-4-ol 

o 

15 . To a cooled (0'*C), stined solution of 4-BOC-ammomethyl-piperidin-4- 

ol (0.35g, 1.52mmol) in dried CH2CI2 (5mL), under N2 was slowly added CBZ-Q 
(0.24mL, 1.67mmol). foUowed by triethylamine (0.42mL, 3.04mmol). The ice bath 
was removed and the reaction solution was stirred to rt in Ih, tfien concraitrated in 
vacuo. The residue was purified by silica gel chromatography (10 CH2CI2 : 1 - 20 

20 IPA : 89 - 10 hexane)) to give 4-BOC-aminomefliyH-CBZ-piperidin-4-ol. 
M.S.(M+1):365.39 
S^p5: 

4-aminomethyl-l-CBZ-piperidin-4-ol 
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10 



To a stirred solution of 4-BOC-aminomethyl-l-CBZ-piperidin-4-ol 
(0.50g. 1.37mmol) in dried CH2CI2 (3niL) was slowly added trifluoroacetic add 
(3mL).' The resulting reaction solution was stirred at rt for 20inin.. then concentrated 
in vacuo. The residue was dissolved in ethyl acetate (lOOmL). washed with saL aq. 
NaHCOs (20mL). water (20raL). brine (lOmL). dried over NajSO*. filtered and 
concentrated to give4-aminomethyl-l-CBZ-piperidin-4-ol. M.S.(M+1):265.32 

Step 6: r A 

4.Hydroxy-4-(pyridin-4-ylaininomBthyl>piperidine-l-carboxyUcacia 

benzyl ester *TFA salt 



A solution of 4-aininomethyl-l-CBZ-piperidin-4-ol (O.lOg. 
0 38mmol). 4.bromo-pyridine (0.06g. 0.38mmol) in IPA (2inL) was heated at 100"C 
in a sealed reaction tube for 7h. Cooled to rt, the reaction mixture was diluted with 
ethyl acetate (lOOmL). washed with sat. aq. NaHCOa (20mL). water (20niL). brine 
15 (lOmL). dried over Na2S04. filtered and concentrated. The residue was purified by 
reverse phase chromatography to give 4-hydroxy-4-(pyridin-4-ylaminomethyl)- 
piperidine-l-carboxyUc acid benzyl ester as a TFA salt. M.S.(M+1):342.35 

EXAMPLE 55: ^ -a 

20 4.[(3-Bromo-pyridin.4-ylamino)-methyl]-piperidine-l-carboxybc acid 

benzyl ester 

^ P 

A mixture of benzyl-4-(aminomethyl)piperidine-l-carboxylate 
(EXAMPLE 13. Step 1. 0.20g, 0.81mmol). 3.4-dibromo-pyridine (Cheiru Abstracts, 
25 58:5627) (0.19g. O.Slmmol) in PA (0.5mL) was heated at 100°C in a sealed reaction 
tube for 7h. then concentrated in vacuo. The residue was purified by silica gel 
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chromatography (DCM IPA hexane)) to give 4.[(3-Bromo-pyridin-4-ylanuno)- 
methyl]-piperidine-l-carboxylic acid benzyl ester. M.S.(M+1):405.27 

EXAMPLE 56: 

5 4-[(3-Fluoro-pyridin-4-ylainino)-methyl]-piperidine-l-carboxylicacid 
benzyl ester TFA salt 




A mixture of benzyl-4-(aimnomethyl)piperidine-l-carboxylate 
(EXAMPLE 13, Step 1, 0.20g, O.Slmmbl), 3-fluoro-4-iodo-pyridine {Tetrahedron, 
10 49:49-64(1993) (0.18g. O.Slmmol) in IPA (O.lmL) was heated at 100*C in a sealed 
reaction tube for lOOh, then concentrated in vacuo. The residue was purified by 
reversed phase chromatography to give 4-[(3-fluoro-pyridin-4-ylamino)-methyl]- 
pipetidine-l-caiboxyUc acid benzyl ester as a TFA salt. M.S.(M+1):344.36 

15 EXAMPLE 57: 

4-[(2-ChIoro-6-methyl-pyriniidin-4-ylainino)-methyl]-piperidine-l- 

carboxylic acid benzyl ester 

a 

..X. 



o 

To a stirred solution of 2,4-dichloro-6-methyl-pyrimidine (3.61g, 
20 22.15mmol). triethylamine (7.02mL, 50.34mmol) in DMF (15mL) was slowly added 
benzyl-4-(aminomethyl)piperidine-l-carboxylate (EXAMPLE 13. Step 1. S.OOg, 
20.13mmol). The resulting reaction solution was stirred at rt for 2h, then diluted with 
ethyl acetate (400mL), washed with water (3 x 30mL). brine (30mL), dried over 
Na2S04, filtered and concentrated The residue was purified by silica gel 
25 chromatography (20 - 80% ethyl acetate in hexane) to give 4-[(2-chloro-6-methyl- 
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pyrimidin-4-ylamino)-methyl]-piperidine-l-carboxylic acid benzyl ester. 
M.S.(M+1):375.36 

EXAMPLE 58: 

5 4-[(6-Methyl-pyrinridin4-ylamino)-methyl]-piperidinc-lK:arboxylic 

acid benzyl tstec 
Stepl: 

4-[(6-Methyl-pyrimidin-4-ylamino>methyl]-piperidine 




10 A mixture of 4-[(2M:hloro-6-methyl-pyrimidin-4-ylaimno)-niethyl]- 

pipeiidine-l-carboxyUc acid benzyl ester (EXAMPLE 57, 0.50g, 1.33mmol), Pd / C 
(10%, 0.05g) in absolute ethanol (ISmL) was vigorously stirred.under latm H2 for 6h. 
Filtered and concentrated, the reaction gave 4-[(6-methyI-pyriinidin-4-ylamino)- 
methyll-piperidine. M.S.(M+1):207.30 

15 Step 2: 

4-[(6-MethyI-pyrimidin-4-ylainino)-inethyI]-piperidine-l-carboxylic 
acid benzyl estn 




To a stined solution of 4-[(6-methyl-pyrimidin-4-ylaniino)-methyl]- 
20 piperidine (O.lSg, 0.73mmol), in DMF (ImL) was added carbonic acid benzyl ester 
2,5-dioxo-pynolidin-l-yl ester (O.lSg, 0.73inmol). The resulting reaction solution 
was stirred at it for 0.5h, then concentrated in vacuo. The residue was purified by 
silica gel chromatography (90:10:1 DCM MeOH NH40H) to give 4-[(6-methyl- 
pyriniidin-4-ylamino)-methyl]-pip«idine-l-carboxylic acid benzyl ester. 
25 M.S.(M+1):341.37 

EXAMPLE 59: 
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4-[(2-Chloro-5-methyl-pyrimidin-4-ylamino)-niethyl]-piperidine-l- 
carboxylic acid benzyl ester 




To a stined solution of 2,4-dichloro-5-methyl-pyrimidine (3.61g, 
5 22. ISmmol), triethylaraine (7.02mL. 50.34mmol) in DMF (ISmL) was slowly added 
benzyl-4-(aminomethyl)piperidine-l-carboxylate (EXAMPLE 13, Step 1, S.OOg, 
20.13inmol). The resulting reaction solution was stirred at rt for 2h, then diluted with 
ethyl acetate (40(hnL), washed with water (3 x 30mL), biine (30inL), dried over 
Na2S04, filtwed and concentrated. The residue was purified by silica gpl 
10 chromatography (20 - 80% ethyl acetate in hexane) to give 4-[(2-Chloro-5-n)ethyl- 
pyriniidin-4-ylaniino)-niethyl]-piperidine-l-caiboxylic acid benzyl ester. 

M.S.(M+1):375.36 
EXAMPLE 60: 

15 4.[(5.i^thyl-pyrimidin-4-ylanuno)-methyl]-pip«ridine-l -carboxylic 

acid benzyl ester 
Step 1: 

4-t(5-Methyl-pyrimidin-4-ylaimno)-methyl]-piperidine 



20 A mixture of 4-[(2-chIoio-5-methyl-pyrimidin-4-yIanuno)-methyl]- 

piperidine-l-carboxylic acid benzyl ester (EXAMPLE 59, 2.00g, 5.34mmol). Pd / C 
(10%, 0.20g) in absolute ethanol (15mL) was vigorously stined under latm H2. 
Filtered and concentrated, the reaction gave 4-[(5-methyl-pyrimidin-4.ylamino)- 
methyl]-piperidine. M.S.(M+1):207.29 

25 Step 2: 

4-[(5-Methyl-pyrimidin-4-ylamino)-methyll-piperidine-l-caiboxylic 
acid benzyl ester 
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O 



To a stirred solution of 4-[(5-inethyl-pyiiinidin-4-ylainino)-methyl]- 



piperidine (0.20g, 0.97mmol). in DMF (3mL) was added carbonic acid benzyl ester 
2,5-dioxo-pyrrolidin-l-yl ester (0.24g. 0.97inmol). The resulting reaction solution 
5 was stirred at rt for 0.5h, then concentrated in vacuo. The residue was purified by 
siUca gel chromatography (1 - 10 (10% NH4OH in MeOH) / 99 - 90 CH2CI2) to give 
4-[(5-inethyl-pyrimidin-4-ylaimno)-methyl]-piperidine-l-carboxylic acid benzyl ester. 

'H NMR (400MHz, CDCI3) 5 8.50 (s. Ih, Pyr). 7.97 (s, Ih, Pyr), 7.35 
(m. 5h, Ar), 5.13 (s, 2h. A1CH2O), 4.62 (s, Ih, N/f). 4.22 (br s. 2h. NCH2CH2). 3.43 
10 (s, 2h, NHCH2CH), 2.79 (br s. 2h. NCff2CH2), 2.02 (s, 3h, CH3), 1.86 (m, Ih, CH). 
1.76 (d, y = 11.7 Hz. 2h. CHCH2CH2). 1.21 (q. 7= 9.7 Hz. 2h. CHCH2CH2); 

M.S.(M+1):341.39 

EXAMPLES 61-63 were prepared as described above m EXAMPLE 
15 60, but replacing the carbonic acid benzyl ester 2,5-dioxo-pyn:olidin-l-yl ester with 
the appropriately substituted analog: 

EXANfflPLE61: 

4-[(5-Methyl-pyriinidin-4-ylamino>methyl]-piperidine-l-carboxylic 
20 acid-4-methyl-benzyI ester 



»HNMR (400MH2. CDCI3) 8 8.49 (s, Ih. Pyr). 7.97 (s, Ih. Pyr), 7.25 
(d. /= 8.5 Hz. 2h. Ar), 7.16 (d. 7= 7.9 Hz, 2h. Ar). 5.08 (s, 2h, ArCH20). 4.62 (s. Ih. 
Nfl). 4.20 (br s, 2h, NCH2CH2). 3.43 (s. 2h. NHCH2CH). 2.77 (t. 7 = 11.0 Hz. 2h. 
25 NCH2CH2). 2.35 (s, 3h. PyrC/fa), 2.02 (s. 3h. ArCHj), 1.84 (m. Ih. CH). 1-74 (d, 7 = 
9.7 Hz. 2h. CHCH2CH2). 1.20 (q, 7= 10.6 Hz. 2h. CHCffzCHz); 




M.S.(M+1):355.39 
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15 



EXAMPLE 62: 

4-[(5-Methyl-pj^nuciin-4-ylamino)-methyl]-piperidm^ 

acid-4-chloio-benzyl ester 

o 



5 

NMR (400MHz, CDCI3) 8 8.50 (s, Ih, Pyr), 7.97 (s, Ih, Pyr), 7.34 ■ 
7.26 (m, 4h. At). 5.08 (s. 2h. AiCfljO), 4.62 (s. Ih. N//). 4.20 (br s, 2h, NCffaCHj). 
3.43 (8, 2h, NHCH2CH), 2.79 (br s. 2h, NCH2CH2), 2.02 (s. 3h, CH3), 1-85 (m, Ih. 
cm, 1-76 (d. / = 12.6 Hz. 2h. CHCH2CH2). 1.20 (q. 7 = 10.0 Hz. 2h, CaiCHjCHa); 
10 M.S.(M+1):375.35 

EXAMPLE 63: 

4-[(5-Methyl-pyrimidin-4-ylamino)-methyl]-piperidine-l-carboxylic 
acid-4-fluoio-benzyl ester 

o 

.A, 



'H NMR (400MHz. CD3OD) 5 8.56 (s, Ih. Pyr), 7.96 (s, Ih, Pyr). 7.38 
(dd, 7= 5.6 & 5.4 Hz, 2h. Ar). 7.08 (t. /= 8.7 Hz, 2h, Ar). 5.08 (s, 2h, AiCftO), 4.14 
(d, J= 13.3 Hz, 2h, NC//2CH2), 6.94 (d. 7= 6.9 Hz, 2h, NHCHzCH), 2.81 (br s, 2h, 
NCH2CH2). 2.15 (s, 3h. Cffs). 1.95 (m. Ih, CH). 1-74 (d, 7 = 11.4 Hz, 2h, 
20 CHCJf2CH2), 1.17 (q, 7 = 9.2 Hz. 2h, CHCH2CH2); 

M.S.(M+1):359.36 

EXAMPLE 64: 

4-[(2-Aiiiino-6-rnethyl-pyrimidin-4-ylaniino)-methyl]-piperidine-l- 

25 carboxyllc acid benzyl ester 
Stepl: 
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4- { [2-(2,4-Dimethoxy-benzylamino)-6-methyl-pyriiniciin-4-ylam 
methyl } -piperidine-1 -carboxylic acid benzyl ester 




X 

O 

A stirred solution of 4-[(2-cMoro-6-methyl-pyrimidin-4-ylamino)- 
5 methyl]-piperidine-l-carboxylic acid benzyl ester (EXAMPLE 57, 0.5g, 1 .33nimol) 
in 2,4-dimethoxybenzylamine (l.OOmL, 6.67mmol) was heated at lOO^C for 6h, then 
cooled to rt and purified by silica gel chromatography [1 - 10 (1Q% NH4OH in 
MeOH) / 99 - 90 CH2CI2)] to give 4-{[2-(2,4-diinethoxy-benzylamino)-6-methyl- 
pyriinidin-4-ylaniino]-methyl}-piperidine-l-carboxylic add benzyl ester. 
10 M.S.(M+1):506.46 
Step 2: 

4-[(2-Amino-6-inethyl-pyrinudin-4-ylainino)-methyl]-pipetidine-l- 
carboxylic acid benzyl ester 

NHj 

o 

15 To a stirred solution of the 4-{ [2-(2,4-diinethoxy-ben2ylamino)-6- 

methyl-pyrimidin-4-ylanuno]-methyl}-piperidine-l-carboxylic acid benzyl ester from 
Step 1 above (0.4g, 0.79mmol) in CH2CI2 (5mL) was added trifluoroacetic acid 
(ImL). The resulting reaction solution was stirred at rt for Ih, then concentrated in 
vacuo. The residue was purified by silica gel chromatography (1 - 10 (10% NH4OH 

20 in MeOH) / 99 - 90 CH2CI2) to give 4-[(2-aniino-6-methyl-pyrimidin-4-ylamino)- 
methyl]-piperidine-l-carboxylic acid benzyl ester. M.S.(M+1):356.36 
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EXAMPLE 65: 

4-[(5,6-Dichloro-pyridazin-4-ylainino)-methyl]-piperidine-l- 

carboxylic acid benzyl ester 
Stepl: 

5 3,4,5-Trichloropyridazine 




A stirred solution of 4,5-dichloro-2,3-dihydro-3-pyridazinone (IS.OOg, 
90.92mmol) in POCI3 (lOOmL) was refluxed for 1.5h, then concentrated in vacuo. 
The residue was dissolved in CHjCh (400niL), washed with water (lOOmL), dried 
10 over Na2S04, filtered and concentrated to give 3,4,5-trichloropyrida2ine. 

M.S.(M+1):185.00 

Step 2: 

4-[(5,6-Dichlon>-pyridazin-4-ylaniino)-methyl]-piperidine-l- 
caiboxylic acid benz^ ester 

O 




To a stirred solution of 3,4,5-ttichloropyridazine (2.22g, 12.08nimol) 
and DIPEA (4.21niL, 24.16nimol) in IPA (25niL) was added ben2yl-4- 
(aminomethyl)piperidine-l-carboxylate (EXAMPLE 13, Step 1. B.OOg. 12.08nimol). 
The resulting reaction solution was stirred at rt for 5h, tiien concentirated in vacuo. 
20 The residue was dissolved in CH2CI2 (200mL), washed witii water (50mL), dried over 
Na2S04, filtered and concentrated. The crude product was purified by silica gel 
chromatography (1 - 7 (10% NH4OH in MeOH) / 99 - 93 CH2CI2) to give 4-[(5,6- 
dichloro-pyridazin-4-ylamino)-methyl]-piperidine-l-carboxylic acid benzyl ester. 
M.S.(M+1):395.28 

25 

EXAMPLE 66: 
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ester 
Stepl: 



4-[(Pj^dazin-4-ylaimno>methyl]-piperidine-l-carboxylic acid benzyl 



4-[(Pyridazin-4-ylamino)-methyl]-piperidine 




A mixture of 4-[(5,6-dichloro-pyrida2in-4-ylaiiiino)-inethyl]- 
piperidine-l-caiboxylic acid benzyl ester (EXAMPLE 65, 2.00g. 5.06mmol). Pd / C 
(10%, 0.20g) in absolute ethanol (ISmL) was vigorously stirred undo: latm H2 
provided by a H2 balloon for 7h. Filtered and concentrated, the reaction gave 4- 
10 [0Pyridazin-4-ylaimno)-methyl]-pipeiidine. M.S.(M+1):193.25 
Step 2: 

4-[(Pyridazin-4-ylamino)-methyl]-piperidine-l-carboxylic acid benzyl 

estor 

15 To a stirred solution of 4-[(pyridazin-4-ylamin6)-methyl]-piperidine 

(0.20g, 1.04inmol), in DMF (3mL) was added carbonic acid benzyl ester 2,5-dioxo- 
pyrroUdin-l-yl ester (0.26g, 1.04mmol). The resulting reaction solution was stirred at 
rt for 0.5h, then concentrated in vacuo. The residue was purified by silica gel 
chromatography (1 - 7 (10% NH4OH in MeOH) / 99 - 93 CH2CI2) to give 4- 

20 (pyrida2in-4-ylaniino)-methyl]-piperidine-l-carboxylic acid benzyl ester. 

NMR (400MHz, CDCI3) 6 8.65 (d, 7 = 6.1 Hz, Ih, Pyr), 8.57 (d, 7= 
3.1 Hz, Ih. Pyr), 7.36 (m. 5h. Ar), 6.46 (dd, 7= 6.1 & 2.9 Hz. Ih, Pyr), 5.13 (s, 2h, 
ArCH20), 4.40 (s, Ih, N/f), 4.25 (br s, 2h. NCH2CH2). 3.10 (t, / = 6.0 Hz. 2h, 
NHCHzCH), 2.78 (br s. 2h, NCH2CH2), 1.81 (ra, Ih, CH), 1.77 (d, 7= 12.5 Hz, 2h, 

25 CHCH2CH2). 1.23 (q, 7 = 10.3 Hz, 2h, CHC»2CH2); 
M.S.(M+1):327.28 

EXAMPLE (f7: 
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4.[(Pyridazin-4-ylainino)-methyl]-piperidine-l -caiboxylic acid-4- 
fluoro-benzyl ester 

To a stiired solution of 4-[(pyiidazin-4-ylamino)-methyl]-piperidine 
5 (0.20g. 1.04inmol, from EXAMPLE 66, Step 1) in DMF (3naL) was added caibonic 
acid-4-fluoro-benzyl ester 2,5-dioxo-pyrrolidin-l-yl ester (0.28g, 1.04mmol). The 
resulting reaction solution was stirred at rt for 0.5h, then concentrated in vacuo. The 
residue was purified by silica gel chromatography (1-7 (10% NH4OH in MeOH) / 99- 
93 CH2CI2) to give 4-[(pyridazin-4-ylamino)-methyl]-pipaidine-l-carboxylic acid-4- 
10 fluoto-benzyl ester. M.S.(M+1):345.29 

EXAMPLES 68A and 686: 

EXAMPLE 68A: 4-[(6-Chloro-pyrida2in-4-ylamino)-niethyl]- 

piperidine-l-caiboxylic acid benzyl ester 



15 



o 



CI 



EXAMPLE 68B: 4-((5-ChIoro-pyridazin-4-yIainino)-methyl]- 
piperidine-l-carboxylic acid benzyl ester 



20 A mixture of 4-[(5,6-dichloro-pyrida2in-4-ylamino)-inethyl]- 

piperidine-l-carboxylic acid benzyl ester (EXAMPLE 65. 0.15g. O.38mmol). washed 
Raney Nickel (0.15g). NH4OH (ImL) in absolute ethanol (lOmL) was vigorously 
stirred under latm H2 for 7h. The reaction mixture was filtered and concentrated and 
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the residue was purified by silica gel chromatography (1 - 7 (10% NH4OH in MeOH) / 
99 - 93 CH2CI2) to give 4-[(6-chloio-pyridazin-4-ylainino)-methyl]-piperidine-l- 
carboxylic acid benzyl ester. M.S.(M+1): 361.25 and 4-[(5-chloro-pyridazin-4- 
ylamino)-methyl]-piperidine-l-carboxylic acid benzyl ester. M,S.0vl+l):361.25 

5 

EXAMPLE 69: 

4-((2-Chloro-5-fluoro-pyrimidin-4-yIaiiiino)-methyll-piperidine-l- 

caiboxylic acid benzyl ester 
Step 1: 

10 2,4-Dichloro-5-fluoro-pyriniidine 

Cl'^N'^CI 

A solution of 5-fluoro-uracil (S.OOg, 38.44namol) and NJ>I- 
dimethylaniUne (5mL) in POGa (20inL) was lefluxed for Ih. the solution was then 
concentrated in vacuo. The resulting residue was quenched with water (20niL) at O^C, 
15 and extracted with ether (3 x ISOmL). The combined ether layers were washed with 
water (2 x 50mL), sat. aq. NaHCOa, water (50mL), dried over Na2S04. filtered, and 
concentrated to give 2,4-dichloro-5-fluoro-pyrimidine compound. 
Step 2: 

4-[(2-Chloro-5-fluon)-pyrimidin-4-ylamino)-methyl]-piperidine-l- 
20 carboxylic acid benzyl ester 




To a stilted solution of 2,4-dichloro-5-fluoro-pyrimidine (0.67g, 
4.03mmol) and triethylamine (0.84mL. 6.04mmol) in DMF (5mL) was added benzyl 
4-(aminomethyl)piperidine-l-caiboxylate (EXAMPLE 13, Step 1) (l.OOg. 
25 4.03mmol). The resulting reaction solution was stirred at rt for Ih, and concentrated 
in vacuo. The residue was purified by silica gel chromatography (CH2CI2 / IPA / 
hexanes) to give 4-I(2-chloK>-5-fluoK)-pyrimidin-4-ylamino)-methyl]-pip«idine-l- 
caiboxylic acid benzyl ester. M.S.CM+1):379.25 
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EXAMPLE 70: 

4-[(5-Ruoro-pyriinidin-4-ylamino)-methyl]-piperidin^ 

acid benzyl ester 

o 



5 A mixture of 4-[(2-chloro-5-fluoro-pyrimidin ^ylamino)-methyll- 

piperidine-l-caiboxylic acid benzyl ester (EXAMPLE 69, 0.lSg, 0.40mmol). washed 
Raney-Nickel® (0.l5g). NH4OH (ImL) in absolute ethanol (lOmL) was vigorously 
stirred under latm H2 for 2h. The reaction mixture Was filtered and concentrated and 
the residue was purified by silica gel chromatography (1 - 10 (10% NH*OHinMeOH) 

10 / 99 - 90 CH2CI2) to give 4-[(5-fluoro-pyrimidin-4-ylamino)-methyll-pipeiidine-l- 
carboxyUc acid benzyl ester. M.S.(M+1):345.28 

EXAMPLE 71: 

4.[(5-Huoro-pyrimidin-2-ylamino)-methyl]-piperidine-l-carboxylic 

15 acid benzyl ester 
Stepl: 

2-Chloro-5-fluoro-pyrimidine 

To a refluxing mixture of 2,4-dichloro-5-fluoro-pyrimidine 
20 (EXAMPLE 69. Step 1. 3.25g, 19.47mmol) and zinc (8 - 30 mesh. 3.82g. 

58 39mmol) in THF (30mL) was slowly added acetic acid (l.llmL. 19.47mmol). 
•nus reaction mixture was refluxed for 7h. then cooled to rt. filtered and concentrated 
to give 2-chloto-5-fluo«)-pyrimidine compound. 
Step 2: 

25 4.[(5.Huoro-pyrimidin-2-ylamino)-methyl]-piperidine-l-carboxylic 
acid benzyl ester 
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A solution of benzyl-4-(aminomethyl)piperidin6-l-carboxylate 
(EXAMPLE 13, Step 1, 0. lOg. 0.40nmiol), 2-chloro-5-nuoro-pyrimidine (0.053g, 
0.40inmol) and triethylamine (0.1 ImL. O.Slmmol) in DMF (O.SmL) was heated at 
5 lOCC for 6h, then concentrated in vacuo. The residue was purified by silica gel 
chromatography (10 CH2CI2 : 1 - 20 IPA : 89 - 70 hexane) to give 4-[(5-fluoiD- 
pyiimidin-2-ylaniino)-methyl]-piperidine-l-carboxylic acid benzyl ester. 
M.S.(M+1):345.29 



10 EXAMPLE 72: 

4-[(5-Fluoit)-pyrimidin-2-ylamino)-methyl]-piperidine-l-carboxylic 

acid-4-m6thyl-bNizyl ester 




The solution of (4-mefljyl-ben2>d)-4-(an)inomethyl)piperidine-l- 
15 caiboxylate (INTERMEDUTE 2a) (0.20g. 0.76mmol). 2-chloro-5-fluoro- 

pyrimidine (EXAMPLE 71, Step 1) (O.lOg. 0.76mmol) and triethylamine (0.21mL. 
1.53mmol) in DMF (ImL) was heated at 100°C for 6h. then concentrated in vacuo. 
The residue was purified by silica gel chromatography (10 CH2CI2 : 1 - 10 PA : 89 - 
80 hexane) to give 4-[(5-fluoro-pyrimidin-2-ylanuno)-methyl]-pipeiidine-l-carboxylic 

20 acid-4-methyl-benzyl ester. M.S.(M+1):359.33 
EXAMPLE 73: 

4-[(5-Fluoro-pyrimidin-2-ylamino)-methyI]-piperidine-l-carboxylic 
acid-4-cyclopropyl-benzyl ester 
25 Step 1: 

4-Cyclopropyl-benzoic acid ethyl ester 
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Indium trichloride (2.2g, lOmmol) and rap (SOmL) were combined 
under nitrogen and cooled to -70'*C. Cyclopropylmagnesium bromide solution 
(33mL, 30mmol, 0.92 M) was added dropwise while maintaining the reaction 

5 temperature ^60»C. After the addition was complete, the reaction was stirred 0.5h 
with cooUng then 0.5h with the cooling bath removed. The resulting solution was 
added via cannula to a refluxing solution of ethyl-4-iodobenzoate (5.5g, 20mmol). 
rran5-dichlorobis(triphenylphosphine)palladium(II) (421mg, 0.60mmol) and TOP 
(lOOmL) under nitrogen. After 24h, the contents, of the reaction flask were cooled and 

10 the solvent was removed in vacuo. Water (lOOmL) and 5% KHSO, were added and 
the mixture was extracted with CH,C1, (3xl00mL). Va& combined organic extracts 
were washed with brine, dried with Na,SO, and filtered. The filtrate was removed in 
vacuo and the remaining residue was purified by flash column chromatography 
(hexane:EtOAc 95:5) to give 4-cyclopropyl-benzoic acid ethyl ester as an orange oil. 

15 Step 2: 

(4-Cyclopropyl-phenyl>methanol 



4-Cyclopropyl-ben2oic acid ethyl ester (2.46g, 13mmol), and THF 
(250mL) were combined under nitrogen and cooled in an IPA/dry ice bath to -70°C. 

20 Lithium aluminum hydride solution (20mL. 20mmol, 1 .OM) was added dropwise. 
After 2h excess lithium aluminum hydride was quenched by adding EtOAc dropwise. 
The reaction was warmed to IS'C, then the solvent was removed in vacuo. Water 
(200mL) and a few drops of HCl(aq, 6N) were added. The mixture was extracted 
with EtOAc (iSxlOOmL). The combined organic extracts were washed with brine, 

25 dried with Na,SO, and filtered. The filtrate was removed in vacuo and the remaining 
residue was purified by flash column chromatography (hexane:EtOAc 40:60) to give 
(4-cyclopropyl-phenyl)-methanol as a colorless oil. 
Step 3: 
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Carbonic acid 4-cyclopropyl-benzyl ester 2,5-dioxo-pyiroUdin-l-yl 

ester 

The title compound was prepared from (4-cyclopropyl-phenyl)- 
5 methanol as described for simUar compounds previously (CAem. Pham^ Bull, 
38£D: 110-1 15(1990) and INTERMEDIATE lA). 
Step 4: 

4-Aminomethyl-piperidine-l-carboxyUc acid 4-cyclopropyl-benzyl 

ester 

The title compound was prepared from carbonic acid 4-cyclopropyl- 
benzyl ester 2,5-dioxo-pyn:oUdin-l-yl ester as described in EXAMPLE 13. Step 1. 
Step 5: 

4-[(5-Fluoro-pyiimidin-2-ylamino>-methyl]-piperidine-l-carboxyKc 
15 acid-4-cyclopropyl-b«izyl ester 



A solution of (4-cyclopropyl-benzyl)-4-(aminomethyl)piperidine-l- 
caiboxylate (0. lOg, 0.35mmol). 2-chloro-5-fluoro-pyrimidine (EXAMPLE 71, Step 
1, 0.046g, 0.35mmol) and triethylamine (0.097mL, 0.69mmol>in DMF (ImL) was 
20 hisated at lOO^C for 6h. then concentrated in vacuo. The residue was purified by siUca 
gel chromatography (CH2CI2 / IPA / hexanes) to give 4-[(5-fluoio-pyrimidin.2- 
ylamino)-methyl]-piperidine-l-carboxylic acid-4-cyclopropyl-benzyl ester. 
M.S.(M+1):385.31 
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EXAMPLE 74: 

4-[(5-Huoro-pyrinudin-2-ylamino)-methyl]-piperidine-lK:^^ 

acid-4-chloro-benzyl ester 

A solution of (4-cWoro-ben2yl)-4-(ammomethyl^peridine-l- 
caiboxylate (INTERMEDIATE 2B) (O.lOg, 0.35mmol). 2-chloio-5-nuoro- 
pyrimidine (0.047g, 0.35mmol) and triethylamine (0.099inL, O.Tlnunol) inDMF 
(ImL) was heated at lOCC for 6h, then concentrated in vacuo. The residue was 
.10 purified by siKca gel chromatography (CH2CI2 / IPA / hexanes) to give 4-[(5-fluoro- 
pyriinidin-2-ylaimno>methyl]-piperidine-l-caiboxylic acid-4-chloro-benzyl ester. 
M.S.(M+1):379.26 

EXAMPLE 75: 

15 4-[(5-Huoro-pyrimidin-2-ylainino)-methyll-piperidine-l-caiboxylic 
acid-4-fluoro-benzyl ester 

A solution of (4-fluoro-benzyl)-4-(aininomethyl)piperidine-l- 
carboxylate (INTERMEDIATE 2C) (O.lOg, 0.38mmol), 2-chloro-5-fluoro- 
20 pyrimidine (0.05g, O.38mmol) and triethylamine (0. 1 ImL, 0.75mmol) in DMF (ImL) 
was heated at 100°C for 6h, then concentrated in vacuo. The residue was purified by 
silica gel chromatography (CH2CI2 / IPA / hexanes) to give 4-[(5-fluoro-pyrimidin-2- 
ylanuno)-methyl3-piperidine-l-carboxylic acid-4-fluoro-benzyl estw. 
M.S.(M+1):363.31 



25 



EXAMPLE 76: 
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4-Methylbenzyl 4-[(2-pyriinidinylamino)methyl]-l- 
piperidinecaiboxylate 



N 

A stilted solution of 4-methylbenzyl 4-(iaminomethyl)-l- 
5 piperidinecarboxylate (INTERMEDUTE 2A) (20.00g. 76.23mmol), 2-chloro- 
pyrimidine (8.73g, 76.23mmol) and triethylamine (21.25inL, 152.46inmol) in DMF 
(40niL) was heated at 100°C for 6h. The reaction solution was cooled to tt, tiien 
diluted with ethyl acetate (800mL), washed with sat aq. NaHCOs (lOOmL), water (3 
X lOOmL), brine (lOOmL), dried over Na2S04, filtered and concentiated. The residue 
10 was purified by siUca gel chromatography (CH2Ci2 / IPA / hexanes) to give 4- 

methylbenzyl 4-[(2-pyriinidinylanuno)methyl]-l-piperidinecaiboxylate. M.S.(M+1): 

341.30 

EXAMPLE 77: 

15 . [i.(2-Phenyl-eflianesulfonyl>pip«idin-4-yhnethyl]-pyrimidin-2-yl- 

amine 
Step 1: 

4-Aininomethyl-piperidine-l-carboxylic acid tert-butyl ester 

20 To a mixture of 4-aminomethylpiperidine (1 5g) in 250mL of 

anhydrous tetrahydtofuran cooled to -78''C was added, dropwise over 45min., a 
solution of di-tert-butyl di-caibonate (24g) in lOOmL of anhydrous tetrahydrofuran. 
After stirring for Ih at -78''C, tiie mixture was allowed to warm to room temperature 
and stirred overnight. The mixture was concentrated to near dryness and diluted with 

25 200mL of 10% aqueous citric acid. The mixture was extracted witii 3 x lOOmL of 
ether, then made basic with sodium hydroxide pellets and extracted with 3 x 200mL 
of chloroform. The combined chlorofonn extracts were dried over magnesium sulfate 
and concentrated to dryness under reduced pressure. The resulting oil was 



-98- 



wo 02/068409 PCTAJS02/05226 



homogeneous by TLC (development with 90: 10 chloroform saturated with ammonia: 
methanol). 

1h NMR (400MHz, CDCI3): 5 4.1 (br s. 2 H), 2.7 (br m. 2H), 2.6 (d, 
2H). 1.7 (m, 3H), 1.42 (s, 9H). 1.1 (m, 2H). 
S Step 2: 

4-(Benzyloxycarbonylamino-methyl)-piperidine-l-carboxylic acid tert- 

butyl ester 

To a solution of 4-aminoniethyl-piperidiiie-l-carboxylic acid tert-butyl 
10 ester (21g) in lOOmL of ethyl acetate cooled to 0°C was added lOOmL of saturated 
sodium carbonate and benzyl chloroformate (17g). The solution was stined for 3h, 
then separated The organic layer was dried over magnesium sulfate and concentrated 
under reduced pressure. Drying under vacuum gave the product as an oil: 

1h NMR (400MHz, CDCI3): 57.35 (m, 5H), 5.3 (d, IH), 5.1 (s, 2H), 

15 4.1 (br s, 2 H). 3.0 (br m, 2H), 2.6 (br m, 2H), L7 (m, 3H), 1.42 (s. 9H), 1.1 (m, 2H). 
Step 3: 

Piperidin-4-ylmethyl<-carbamic acid benzyl ester 




A mixture of 4-(benzyloxycarbonylamino-methyl)-piperidine-l- 
20 carboxylic acid tert-butyl ester (35g) and 50mL of 4N HCl in dioxane was stirred at 
room temperature for 3h, then diluted with 200mL of ether and filtered. There was 
obtained piperidin-4-ylmethyl-carbamic acid benzyl ester hydrochloride salt as a 
white fluffy solid. The free base was obtained by partitioning the hydrochloride 
between chloroform (50mL) and saturated aqueous Na2C03 (50mL).. 
25 iH NMR (400MHz, CDOs) ): S 7.35 (m, 5H), 5.15 (s, 2H), 4.9 (br s, 

1 H), 3,1 (m, 2H), 2.6 (m. 3H), 1.7 (m, 2H), 1,6 (m, 2H). 1.1 (m, 2H). 
MS(m+l) = 249. 

Step 4: 

[l-(2-Phenyl-ethenesulfonyl)-piperidin-4-ybnethyl]-carbamic acid 

30 benzyl ester 
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A mixture of piperidin-4-ylmethyl-carbaniic acid benzyl ester 
hydrochloride (2g), 25iiiLof dichloromethane, trans-2-styreTiesulfonyl chloride (1.5g), 
and 3inL of N,N-diisopropylethylamine was stirred at room temperature overnight, 
5 then diluted with 200mL af chloroform and washed with lOOmL of saturated sodium 
carbonate. The chloroform extracts were dried over magnesium sulfate and 
concentrated. There was obtamed [l-(2-phenyl-ethenesulfonyl)-piperidin-4- 
ylmethyl]-carbamic acid benzyl ester as a white solid. 

iH NMR (400MHz. CDQa) ): 8 7.5-7.2 (m. lOH). 6.65 (m, IH). 5.15 

10 (s, 2H), 4.8 (br s, 1 H). 3.8 (d, 2H). 3.1 (dd, 2H), 2.6 (dd, 2H), 1.8 (d. 2H). 1.6 (m. 
2H),1.35(m,2H) 

MS(m+l) = 415. 

Step 5: 

C-[l-(2-Phenyl-ethanesulfonyl)-piperidin-4-yl]-methylamine 

15 

A mixture of [l-(2-phenyl-ethenesuIfonyl)-pipeiidin-4-ylmethyl3- 
caibamic acid benzyl ester (2.5g). 20% palladium hydroxide (Ig) on carbon, 200mL 
of methanol and"50mL of tetrahydiofuran were shaken under 50psi of hydrogen for 2 
days at room temperature. The catalyst was filtered off and washed with 250mL of 
20 methanol. Concentration under reduced pressure gave C-[l-(2-phenyl- 
ethanesulfonyl)-piperidin-4-yl]-methylamine as white solid. 

iH NMR (400MHz, CDCI3) ): 8 7.4-7.2 (m, 5H). 5. 1 (s, 2H), 3.8 (d, 

2H). 3.1 (m. 4H), 2.7 (dd, 2H), 1.8 (d, 2H), 1.6 (m, 5H), 1.3 (m, 2H) 
MS(m+l) = 283. 

.25 Step 6: 

[l-(2-Phenyl-ethanesuIfonyl)-piperidin-4.yhnethyl]-pyrimidin-2-yl- 

amine 
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A mixture of 0.5g of El-(2-phenyl-ethanesulfonyl>piperidin-4- 
ylmethyl]-pyrimidin-2-yl-amine, 0.56g of 2-bromopyrimidine. 25mL of 2-propanol 
and O.SmL of NJ<r-diisopropylethylamine was heated to reflux overnight. Purification 
5 of the residue obtained after concentration undw reduced pressure by chromatography 
on silica, eluting with ethyl acetate gave [l-(2-phenyl-ethanesulfonyI)-piperidin-4- 
ylmethyl]-pyrimidin-2-yl-amine as a white solid. 

iH NMR (400MH2, CDCI3) ): 5 8.15 (d. 2H). 7.3-7.18 (m. 5H), 6.5 

(dd, IH). 5.5 (dd. IH), 3.8 (d. 2H). 3.35 (d. 2H), 3.15 (dd, 4H). 2.7 (m. 2H). 1.9 (d. 
10 2H), 1.8 (m. IH). 1.3 (m. 2H) 

MS(m+l) = 361. 

EXAMPLE 78: 

{l-[2-(4-Fluoro-phenyl)-ethanesulfonyl]-piperidin-4-ylmethyl}- 

15 pyrimidin-2-yl-amine 
St^l: 

l-(2-ChIoro-ethyl)-4-fluoro-benzene 




CI 



A mixture of 7g 2-(4-fluoro-phenyl)-ethanol, 25mL of chlorobenzene, 
20 42mL of 37% HCl, and 0.9g of Aliquat® 336 (tricaprylylmethyl ammonium chloride) 
was heated to reflux for 3 days, cooled and extracted into 3 x lOOmL of hexane. The 
combined extracts were dried over magnesium sulfate and concentrated under reduced 
pressure. The resulting oQ was mainly l-(2-chloro-ethyl)-4-fluoro-benzene: 

iH NMR (400MH2, CDCI3): S 7.3 (dd, 2H). 7.0 (dd, 2H), 3.7 (t, 2H). 

25 3.05 (t. 2H). 
Step 2: 

Thioacetic add S-[2-(4-fluoro-phenyl)-ethyl] ester 
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A mixture of 2.4g of l.(2-chloro-ethyl)-4-fluoro.benzene, 30mLof 
DMF and 25niL of potassium thioacetate was stirred under nitrogen for 24h. The 
mixture was diluted with 200mL of water and extracted with 3 X 50mL of 
5 dichloromethane. The combined organic layers were dried over magnesium sulfate 
and concentrated under reduced pressure. Drying under vacuum gave an oil: 

iH NMR (400MH2. CDCI3): 5 7.18 (dd. 2H), 6.98 (dd. 2H), 3.08 (t. 

2H), 2.81 (t.2H). 2.32 (s,3H). 
Step 3: 

10 2-(4-Fluoro-phenyl)-ethanesulfonyl chloride 




A stream of chlorine gas was dispersed into a stirred, ice cold mixture 
of 2.5g of thioacetic add S-[2-(4-fluoro-phenyl)-ethyl] ester. 30mL of 
dichloromethane and 30mL of water over Ih. The mixture was diluted with 200mL of 
15 dichloromethane. shaken and separated. The combined organic layers were dried over 
magnesium sulfate and concentrated under reduced pressure. Trituradon with hexane 

gave a white solid: 

iH NMR (400MHz. CDCI3): 6 7.2 (dd, 2H). 7.0 (dd, 2H), 3.1 (dd, 

2H). 3.3 (dd.2H). 2.32 (s,3H). 
20 Step 4: 

4-(tert-Butoxycarbonylamino-methyl)-piperidine-l-cari)Oxylicacid 

benzyl ester 



To an ice cold, stirred solution of 21 g of benzyl 4- 
25 (aminomethyl)piperidine-l-carboxylate (EXAMPLE 13. Stepl) in 250mL of 
dichloromethane was added 18g of di-tert-butyldicaibonate in lOOmLof 
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dichloromethane over 30 min. After stirring overnight, the mixture was concentrated 
to dryness. Trituration with hexane gave a white solid: 

1h ^fMR (400MHz, CDCI3): 8 7.4 (m, 5H), 5.15 (s, 2H), 4.6 (br s, 

IH), 4.2 (br s. 2H), 3.0 (br s, 2H). 2.8 ((m. 2H). 1.7 (m, 3H), 1.42 (s, 9H), 1.15 (m. 
5 2H). 
Step 5: 

Piperidin-4-yImethyl-caibamic acid tert-butyl ester 

A mixture of 28g of 4-(tert-butoxyCarbonylamino-methyl)-piperidine- 

10 1-carboxylic acid benzyl ester, Ig of 10% palladium on caibon, lOOmL of THF and 

200mL of methanol was stirred under an atmosphwe of hydrogen for 2 days. Hie 

mixture was filtered concentrated undw reduced pressure. Drying under reduced 

pressure gave a white solid: 

iH NMR (400MHz. CDCI3): 54.8 (br s. IH), 3.05 (d. 2H). 2.9 (dd. 

15 2H). 2.6 (m, 3H), 1.6 (d, 2H), 1.5 (m. IH), 1.4 (s. 9H), 1.05 (m, 2H). 
Step 6: 

{l-[2-(4-Fluoro-phenyl)-ethanesulfonyl]-piperidin-4-ylmethyl}- 
caibamic acid tert-butyl ester 




20 To an ice cold, stirred solution of 0.2g of piperidin-4-yhnethyl- 

carbamic add tert-butyl ester and 0.2mL of N,N-diisopropylethylamine in 20mL of 
dichloiometfjane was added 0.3g of 2-(4-fluoro-phenyl)-ethanesulfonyl chloride. 
After stirring overnight the mixture was diluted with 50mL of chloroform, washed 
with 50mL of saturated sodiuin carbonate, dried over magnesium sulfate and 

25 concentrated to dryness under reduced pressure. Trituration with hexane gave a white 
solid: 

iR NMR (400MHz, CDQs): 5 7.2 (m. 2H), 7.0 (dd, 2H), 4.6 (br m, 
IH). 3.8 (d, 2H), 3.1 (m, 3H), 3.0 (m, 2H), 2.7 (dd, 2H), 1.8 (d, 2H), 1.6 (br m, 2H). 
1.42 (s, 9H), 1.3 (m, 2H). 
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Step 7: 

C-{l-[2-(4-HuoiO;phenyl)-ethanesulfonyl]-piperidin-4-yl}- 

methylamine 




5 A mixture of 0.4g of { l-[2-(4-fluoro-phenyl)-ethanesulfonyl]- 

piperidin-4-ylmethyl}-carbaniic acid tort-butyl ester and SmL of 4N HCl in dioxane 
was stirred at room temperature for 3h, then diluted with 50n»L of chloroform, washed 
with SOmL of saturated sodium carbonate, dried over magnesium sulfate and 
concentrated to dryness under reduced pressure. The product was a white solid: 

10 iH NMR (400MHz, CDCla): 5 7.2 (m, 2H), 7.0 (dd, 2H). 3.92 (d, 2H), 

3.1 (8, 4H). 2.7 (dd, 2H). 2.6 (d, 2H), 1.8 (d, 2H), 1.5 (br m, 3H), 1.3 (m, 2H) 
MS(m+l) = 301. 

Step 8: 

{ l-[2-(4-Fluoro-phenyl)-ethanesuIfonyl]-piperidin-4-yhnethyl}- 
15 pyrimidin-2-yl-amine 




II 
O 

A mixture of 0.3g of C-{ l-[2-(4-FluQro-phenyl)-ethanesulfonyl]- 
piperidin-4-yl}-methylamine, 0.3g of 2-bromopyrimidine, 25inL of 2-propanol and 
0.3mL of N J^-diisopropylethylamine was heated to reflux ovwnight Purification of 
20 the residue obtained after concentration under reduced pressure by preparative 
chromatography, eluting with ethyl acetate gave a white solid. 

1h NMR (400MHz, CDCI3) ): 8 8.25 (d. 2H). 7.2 (m. 2H), 7.0 (dd, 

2H). 6.58 (dd, IH), 5.25 (br m. IH), 3.82 (d, 2H), 3.4 (dd, 2H), 3.15 (s. 4H). 2.75 (dd. 
2H), 1.9 (d, 2H), 1.8 (m, IH). 1.3 (m, 2H) 
25 MS(m+l) = 379. 
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EXAMPLE 79: 

3-(Pyrinudin-2-ylaminomethyl)-pyirolidine-l-carboxylic acid benzyl 

ester 
Step 1: 

5 i-Benzyl-pyrrolidine-3-carboxylic acid amide 



To a mixture of 4.4g 1 -benzyl-pyrrolidine-S-caiboxylic acid methyl 
ester (M. J. Komet, P. A. Thio, S. E. Tan, J. Organic Chemistry, 33:3637-3639(1968) 
and 3g fonnamide in lOmL of anhydrous DMF heated to lOO'C, a solution of sodium 

10 methoxide, from 0.33g of sodium dissolved in methanol, was added dropwise over 20 
minutes. After stirring for Ih at lOO'C, the mixture was allowed to cool to room 
temperature and added to lOOmL of isopropanol. The mixture was concentrated to 
dryness. The residue was triturated with 200mL of chloroform, filtered and 
concentrated to dryness under reduced pressure. The resulting oil was fairiy 

15 homogeneous by TLC (development with 90:10 chloroform saturated with ammonia: 
methanol): 

iH NMR (400MHz. CDCI3): 8 7.1 (5H), 4.3 (br s, 2 H), 3.5 (d, 2H), 
3.4 (m, IH), 2.6 (m, 2H), 2.5 (m, IH). 2.25 (m. IH), 1.9 (m, IH). 
Step 2: 

20 3-Carbamoyl-pyrrolidine-l-carboxylic acid benzyl ester 

A mixture of 4.5g l-benzyl-pynolidine-3-carboxylic acid amide, 
200mL THF, 20mL methanol and Ig 20% palladium hydroxide on carbon was shaken 
under 50psi of hydrogen for 12h. The catalyst was filtered off and the filtrate 
25 concentrated under reduced pressure. Drying under vacuum gave 3g of an oil. To a 
stirred solution of the crude residue in 500mL of chloroform was added 5.5g of N- 
(benzyloxycarbonyloxy)succinimide and 2.2mL of triethylamine. The mixture was 
allowed to stir overnight then washed with SOmL of saturated sodium carbonate, dried 
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over magnesium sulfate, and concentrated to dryness. Purification by chromatography 
on siUca gel, eluting with 90: 10 ethyl acetate: methanol, gave 3-carbamoyl- 
pynolidine-l-carboxylic acid benzyl ester: 

iH NMR (400MHz, CDCI3): 5 7.35 (m, 5H), 5.6 (br m, 2H). 3.6 (m, 

5 3H). 3.4 (m. IH), 2.9 (br m, IH), 2.1 (m. 2H). 
Step 3: 

3-Aminomethyl-pyrrolidine-l-carboxylic acid benzyl ester . 



10 A mixture of Ig 3-caibamoyl-pyirolidine-l-caiboxylic acid benzyl 

ester and 24mL IM borane-THF was stirred at room tanperature for 24h. then 
carefully quenched with SOmL of 3N HQ. The mixture was concentrated under 
reduced pressure, then partitioned between SOmL chloroform and 25mL saturated 
aqueous sodium carbonate. Concentration of the combined extracts after drying over 

15 magnesium sulfate gave 3-aminomethyl-pyrrolidine-l-carboxylic acid benzyl ester: 
iH NMR (400MHz, CDCI3) ): 8 7.35 (m. 5H), 5.15 (s, 2H), 3.7-4 
(complex, 4H), 2.7 (m, IH), 2.4-2.0 (complex, 2H), 1.6 (m, 4H). 
Step 4: 

3-(Pyrimidin-2-ylaminomethyl)-pyrrolidine-l-carboxylic acid benzyl 

20 ester 



WO 

A mixture of 3-aminomethyl-pyrrolidine-l-carboxylic acid benzyl ester 
(0.15g), 2-bromopyriinidine (0.25g), 2-propanol (lOmL), and of NJJ- 
diisopropylethylamine (O.lmL) was heated to reflux overnight. Purification of the 
25 residue obtained after concentration under reduced pressure by preparative 

chromatography, and eluting with ethyl acetate, gave 3-(pytimidin-2-ylaminomethyl)- 
pyrrolidine-l-carboxylic acid benzyl es^ as a solid: 
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5 



iHNMR (400MHz, CDCI3) ): 6 8.15 (d, 2H), 7.3 (m. 5H), 6.5 (dd, 

IH), 5.8 (m. IH). 5.1 (s 2H). 3.s (m. 2H). 3.4 (m. 3H). 3.2 (m, IH). 2.55 (m. IH). 2.0 

(m, IH). 1.7 (m, IH) 

MS(in+l) = 313. 



EXAMPLE 80: 

(R,S) 4-[l-(Pyridin-4-ylaimno)-ethyl]-piperidine-l-carboxylic acid 

benzyl ester 
Step 1: 

10 4-Acetyl-piperidine-l-caiboxylic acid benzyl ester 




To a solution of 5g of 4-(N-methoxy-N-methyl-CMbamoyl>piperidine- 
1-carboxyUc acid benzyl ester (S. Nahm and S. W. Weinreb, Tetrahedron Letters, 
22:3815-3818(1981)) in 50mL of anhydrous THF cooled to 0°C. was added dropwise 

15 6inL of 3M methyhnagnesium bromide in ether over 10 minutes. After stirring for Ih 
at OX, the resulting mixture was quenched with 50mL of IN HCl and extracted with 
3 x 50mL of ether. The combined extracts were dried over magnesium sulfate and 
concentrated to dryness under reduced pressure. Drying under vacuum gave 4-Acetyl- 
pipeiidine-l-carboxylic acid benzyl ester as a white solid: 

20 iH NMR (400MHz. CDCI3): 5 7.35 (m. 5H), 5.15 (s. 2H), 4.2 (hr s. 2 

H). 2.9 (br t. 2H), 2.5 (m, IH). 2.2 (s. 3H). 1.9 (m, 2H). 1.6 (m. 2H). 
Step 2: 

4-(l-Hydroxyimino-ethyl)-piperidine-l-caiboxylic acid benzyl ester 



25 A mixture of 4.0g of 4-acetyl-piperidine-l-caiboxylic acid benzyl 

ester. 25mL of pyridine, and 6g of hydroxylamine hydrochloride were heated to 
lOO'C for 12h. The mixture was concentrated under reduced pressure and partitioned 
between 200mL of ethyl acetate and 50mL of IN HQ. The organic extract was dried 
over magnesium sulfate and concentrated to dryness under reduced pressure. Drying 
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under vacuum gave 4-(l-hydroxyiiiiino-ethyl)-piperidine-l-carboxylic acid benzyl 
ester as a solid: 

iH NMR (400MHz, CDCI3): 5 7.35 (m, 5H), 5.15 (s, 2H), 4.3 (br s. 2 
H), 2.8 (br t, 2H), 2.3 (m, IH). 2.05 and 1.85 (2s, 3H). 1.8 (ra, 2H), 1.5 (m, 2H). 
5 Step 3: 

4-(l-Hydroxyimino-ethyl)-piperidine-l-carboxylic acid tert-butyl estor 



A mixture of 3.2g of 4-(l-hydroxyimino-ethyl)-piperidine-l-carboxylic 
acid benzyl ester, 0.4g of di-tert-butyldicarbonate, 0.15g of 10% palladium on carbon 
10 and 20mL of THF was stirred under anatmosphere of hydrogen for 2h. The mixture 
was filtered and concentrated under reduced pressure. Drying under vacuum gave 4- 
(l-hydroxyimino-ethyl)-piperidine-l-carboxylic acid tert-butyl ester. 

iH NMR (400MHz, CDCI3): 5 4.15 (br s, 2 H), 2.7 (br t, 2H), 2.25 (m, 

IH), 1.8 (s, 3H), 1.7 (m, 2H). 1.42 (m, 2H), 1.4 (s, 9H). 
15 Step 4: 

(R,S) 4-(l-Amino-ethyl)-piperidine-l-caiboxylic acid tert-butyl ester 



H2N, 



A mixture of 3g of 4-(l-hydroxyimino-ethyl>piperidine-l-carboxylic 
acid tert-butyl ester, 5g of wet Raney-nickel and lOOmL of 5% ammonia in ethanol 
20 was shaken under 55psi of hydrogen for 12h. The mixture was filtered and 

concentrated under reduced pressure. The resulting crude product was taken up in 
250mL of chloroform, dried over magnesium sulfate, and concentrated under reduced 
pressure. Drying under vacuum gave (R,S) 4-(l-amino-ethyl)-piperidine-l-caiboxylic 
acid tert-butyl ester: 

25 iH NMR (400MHz, CDCI3): 5 4.05 (br s, 2 H), 2.6 (br m. 3H). 2.25 

(m, IH), 1.6 (dd, 2H), 1.4 (s, 9H), 1.2 (m, 2H), 1.1 (m, 2H), 1.0 (d, 3H). 
Step 5: 

(R,S) 4-[l-(Pyridin-4-ylamino>ethyl]-piperidine-l-cart)oxylic acid 

tert-butyl ester 
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A mixture of 3g of 4-(l-amino-ethyl)-piperidine-l-caiboxylic acid tert- 
butyl ester, 2.5g of 4-bromopyridine hydrochloride, 3.6g of sodium tert-butoxide, 
0. 14g of palladium acetate, 0.38g of racemic BINAP and 50mL of THF was heated to 

5 reflux for 12h. The niixture was cooled, diluted with SOmL of water and concentrated 
under reduced pressure. The resulting residue was partitioned between 500mL of 
chloroform and 200mL of water. The extracts were dried over magnesium sulfate and 
concentrated under reduced pressure. Purification by chromatography, elutmg with 
90:10 chloroform saturated with ammonia: methanol gave (R,S) 4-[l-^yridin-4- 

10 ylamino)-ethyl]-piperidine-l-caiboxylic acid tert-butyl ester resin: 

iH NMR (400MHz, CDCI3): 5 8.15 (d, 2H), 6.4 (d. 2H), 4.3 (d, IH), 
4.15 (br s. 2 HX 3.2 (m, IH), 2.65 (m, 2H), 2.5 (m. IH). 1.7 (dd, 2H). 1.6 (m. IH). 
1.42 (8, 9H). 1.25 (m. 2H). 1.15 (m, 2H). l.l (d, 3H). 
Step 6: 

15 (R,S) 4-[l-(Pyridin-4-ylamino)-ethyl]-piperidine-l-carboxylic acid 

benzyl ester 




A mixture of O.lgof 4-[l-(pyridin-4-ylamino)-ethyl]-piperidine-l- 
carboxylic acid tert-butyl ester and lOmL of 4N HQ in dioxane was stirred at room 

20 temperature for 2h, then concentrated to dryness. The residue was diluted with 50mL 
of chloroform and ImL of saturated sodium carbonate, cooled to O'C and treated with 
0.05mL of benzj^ chlorof ormate. The resulting solution was allowed to stir for 3h 
then separated. The wganic lay« was dried over magnesium sulfate and concentrated 
under reduced pressure. Purification by preparative chromatography eluting with 

25 90: 10 chloroform saturated with ammonia: methanol gave ^,S) 4-[l-(pyridin-4- 
ylamino)-ethyl]-piperidine-l-carboxylic acid benzyl ester 

iH NMR (400MHz, CDCI3) 5 8.15 (d, 2H), 7.3 (m, 5H), 6.4 (d, 2H), 

4.38 (d, IH), 4.15 (br s. 2 H). 3.4 (m, IH). 2.9 (m. IH), 2.75 (m, 2H), 1.65 (dd, 2H). 
1.6 (m. IH), 1.32 (m, 4H), 1.1 (d, 3H) 
30 MS(m+l) = 340. 
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The following EXAMPLES 81-103 were prepared from a primary 
amine described herein and a chloro-substituted heterocycle using conditions and 
procedures similar to those described in EXAMPLE 77, Step 6 unless otherwise 
S stated: 

EXAMPLE 81: 

N2-[l-(2-Phenyl-ethanesulfonyl)-piperidin-4-yhnethyl]-quina2oline- 

2,4-diamine 



10 




EXAMPLE 81 was prepared from C-[l-(2-phenyl-ethanesulfonyl)- 
piperidin-4-yl]-methylamine and 2-chloro-quinazolin-4-ylaniine (2-chloto-quina2olin- 
4-ylanune was prepared from 2,4-dichloroquinazoline and ammonia in THF at room 
temperature; N.B. Chapman, G. M. Gibson, F.G. Mann, 7. Chem. Soc, 1947, 890- 
15 899): MS(m+l) = 426. 

EXAMPLE 82: 

[l-(2-Phenyl-ethanesulfonyl)-piperidin-4-ylmethyl]-(9H-purin-2-yl)- 

amine 



20 




EXAMPLE 82 was prepared from C-[l-(2-phenyl-ethanesuIfonyl> 
piperidin-4-yl]-methylamine and 2-chloro-9H-purine (2-chIoro-9H-purine was 
prepared according to S. R. Brashears, S. S. Wang, S. G. Bechtolt, B. R Christensen, 
/. Am. Chem. Soc., M:3789-3792(1959)): MS (m+1) = 401. 

25 

EXAMPLE 83: 

2-{[l-(2-Phenyl-ethanesulfonyl)-piperidin-4-ylmethyl]-amino}- 

pyrimidine-4-carboxylic acid amide 
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20 



H2N-< 



N 



EXAMPLE 83 was prepared from C-[l-(2-phenyl-ethancsulfonyl)- 
piperidin-4-yl]-metbylamine and 2-chloro-pyriimdine-4-carboxylic add amide (2- 
chloro-pyrimidine-4-caiboxylic add amide was prepared according to G. D. Davies, 
5 D. E. O'Brien, L. R. Lewis, C. C. Cheng, /. Heterocyclic Chem., 1: 130-13 1(1964): 
MS(m+l) = 404. 

EXAMPLE 84: 

(9-Methyl-9H-puiin-6-yl)-[l-(2-phenyl-ethanesulfonyl)-pipeiidin-4- 
10 ylmethyll-amine 

o 

EXAMPLE 84 was prepared from C-[l-(2-phenyl-ethanesulfonyl)- 
piperidin-4-yl]-methylamine and 6-chloro-9-methyl-9H-purine (6-chl(»o-9-methyl- 
9H-purine prepared according to G. B. Elon. J. Org. Chem., 22:2478-2491(1962): 
15 MS(m+l) = 415. 

EXAMPLE 85: 

(7-Methyl-7H-purin-6-yl)-[l-(2-phenyl-ethanesulfonyl)-piperidin-4- 
ylmethyll-amine 




EXAMPLE 85 was prepared from C-[l-(2-phenyl-ethanesulfonyl> 
piperidin-4-yl]-methylamine and 6-chloro-7-methyl-7H-purine (6Hshloro-7-methyI- 
7H-purine was prepared according to G. B. Eilon. /. Org. Chem., 22:2478- 
2491(1962): MS(m+l) = 415. 
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EXAMPLE 86: 

4-(Pteri<iin-4-ylaminomethyl)-piperidine-l-carboxylic acid benzyl ester 



N. ,N ^ — ' O 



5 EXAMPLE 86 was prepared from 4-aininomethyl-piperidiiie-l - 

carboxylic acid benzyl ester and 4-methylthio-pteridine (4-methylthio-pteridine was 
prepared according to A. A. Brown, D. J. Brown,h. C. S. Wood, J, Chem. Soc, 1954, 
3832-3839): MS (m+1) = 379. 

10 EXAMPLE 87: 

4-[(7H-Pyrrolo[2.3-d]pyriimdin-4-ylamino>inethyl]-piperidi^ 

caiboxylic acid benzyl ester 



EXAMPLE 87 was prepared from 4-aminomethyl-piperidine-l- 
15 carboxylic acid benzyl ester and 4^hloro-7H-pyiTolo[2,3-d]pyrimidine (4-chloro-7H- 
pyrTolo[2,3-d]pyiimidine was prepared according to U. Lupke, F. Seela, Chem. Ber., 
112:3832-3839(1979): MS (m+1) = 366. 

EXAMPLE 88: 

20 4-I(lH-Imidazo[4,5-c]pyridin-4-ylainino)-melhyl]-piperidine-l- 
carboxylic acid benzyl ester 

-N 

-HN 



EXAMPLE 88 was prepared from 4-aminomethyl-piperidine-l- 
caiboxylic acid benzyl ester and 7-cMoio-3H-imidazo[4,5-b]pyridine (7-chloro-3H- 
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iinidazo[4,5-b]pyridine was prepared according to Y. Mizuno, T. Itoh. K. Saito, 
Chem. Pharm. BulL 12:866-872(1964): MS (m+1) = 366. 

EXAMPLE 89: 

5 (3-Chloro-pyrazin-2-yl)-[l-(2-phenyl-ethaiiesulfonyl)-piperidin-4- 
ylmethyl]-aimne 




* EXAMPLE 89 was prepared from C-[l-(2-phenyl-ethanesulfonyl)- 
piperidin-4-yll-methylamine and 2,3-dichloropyrazine (reflvixing 2-butanol): 
10 MS (m+1) = 396. 

EXAMPLE 90: 

[l-(2-Phenyl-ethanesulfonyI)-piperidin-4-ylmethyl]-pyrazin-2-yl-amine 




1 5 EXAMPLE 90 was prepared from (3-chIoro-pyrazin-2-yl)-[l-(2- 

phenyl-ethanesulfonyl)-piperidin-4-ylmethyl]-amine by hydrogenation in ethanol- 
triethylamine over 5% palladium on carbon, latm of hydrogen: MS (m+1) = 361. 

EXAMPLE 91: 

20 (2-aaoro-5-methyl-pyrimidin-4-yl)-[l-(2-phenyl-ethm^^ 
piperidin-4-ylmethyl]-amine 
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EXAMPLE 91 was prepared from C-[l-(2-phenyl-ethanesulfonyl)- 
piperidin-4-yl]-methylaimne and 2,4-dichloro-5-methyl-pyrinudine: MS (m+1) = 
410. 



5 EXAMPLE 92: 

(5-Methyl-pyriinidin-4-yl)-[l-(2-phenyl-ethanesulfonyl)-piperidin-4- 

ylmethyU-amine 



EXAMPLE 92 was prepared from (2-chloro-5-methyl-pyrimidin-4- 
10 yl)-[l.(2-phenyl-<thanesulfOTyl)-pipaidin-4-ylmethyl]-amine by hydrogenation in 
ethanol-triethylamine over 5% palladium on carbon, latm of hydrogwi: MS (m+1) = 
375.5. 

EXAMPLE 93: 

15 [l-(2-Phenyl-«thanesulfonyl)-piperidin-4-ybaMthyl]-pyriimdin-4-yl- 



EXAMPLE 93 was prepared from C-[l-(2-phenyl-ethanesulfonyl)- 
piperidin-4-yl]-methylamine and 2,4-dichloro-pyrimidine followed by hydrogenation 
20 in ethanol-triethylamine over 5% palladium on carbon, latm of hydrogen: MS (m+1) 
= 361.5. 

EXAMPLE 94: 

(4-Methyl-pyiimidin-2-yl)-[l-(2-phenyl-ethanesulfonyl)-piperidin-4- 
25 ylmethyl]-amine 




amine 
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o 

EXAMPLE 94 was prepared from C-[l-(2-phenyl-ethanesulfonyl)- 
pipericiin-4-yl]-methylamine and 2-chloro-4-methyl-pyiiinidine: MS (m+1) = 375.5. 

5 EXAMPLE 95: 

5-Fluoro-N2-[l-(2-phenyl-ethanesulfonyl)-piperidin-4-ylmethyl]- 

pyrimidine-2,4-diainine 




EXAMPLE 95 was prepared firom C-[l-(2-pheriyl-ethanesulfonyl> 
10 piperidin-4-yl]-methylamme and 2<Woro-5-fluoio-pyriinidin-4-ylaniine: MS (m+1) 
= 394.5. 

EXAMPLE 96: 

N2-[l-(2-Phenyl-ethanesulfonyl)-piperidin-4-ylinethyl]-pyrimidine- 

15 2,4-diamine 




EXAMPLE 96 was prepared fiom C-[H2-phenyl-ethanesulfonyl)- 
piperidin-4-yl]-methylamine and 2-chloro-pyrimidm-4-ylainine (prepared from 2,4. 
chloro-pyiimidm-4-ylamine by hydrogenation in ethanol over 5% palladium on 
20 carbon, 1 atm of hydrogen): MS (m+1) = 376.5. 

EXAMPLE 97: 

(3-Methyl-pyra2in-2-yl)-[l-(2-phenyl-ethanesulfonyl)-piperidin-4- 

ylmethyl]-amine 
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IH , , O 



EXAMPLE 97 was prepared from C-[l-(2-phenyl-ethanesulfonyl)- 
piperidin-4-yl]-methylamine and 3-bromo-pyrazine-2-caiboxylic acid methyl ester 
followed by reduction with lithium tri-sec-butylborohydride at 0°C in THF: MS 
5 (m+l) = 375.5. 

EXAMPLE 98: 

{ 1 -[2-(2-Huoro-phenyl)-ethanesulfonyl]-pipMidin-4-ylmethyl }- 

pyriniidin-2-yl-aniine 



EXAMPLE 98 was prq>ared from 2-(2-fIuoio-phenyl)-ethanol as 
described in EXAMPLE 78, Steps 1-7 above: MS (m+1) = 378.5. 

EXAMPLE 99: 

{l-[2-(4-Chloro-phen3d)-ethanesulfonyl]-piperidin-4-ylmethyl}- 

pyrimidin-2-yl-amine 



EXAMPLE 99 was prepared from 2-(4-chloro-phenyl>ethanol as 
described in EXAMPLE 78, Steps 1-7 above: MS (m+1) = 396. 

20 

EXAMPLE 100: 

Pyrimidin-2-yl-[l-(2-p-tolyl-ethanesulfonyl)-piperidin-4-ylmethyl]- 



10 





•N 



aimne 
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EXAMPLE 100 was prepared from 2-(4-methyl-phenyl)-ethanol as 
described in EXAMPLE 78, Steps 1-7 above: MS (m+1) = 375.5. 

5 EXAMPLE 101: 

3-(Pteridin-4-ylaininoinethyl)-pyiTolidine-l-carboxyUc acid benzyl 

ester 




EXAMPLE 101 was prepared from 3-aminomethyl-pynrolidine-l- 
10 caiboxylic acid benzyl ester (EXAMPLE 79, Step 3) and 4-methylthio-pteridine (A. 
A. Brown, D. J. Brownji. C. S. Wood, J. Chem. Soc, 1954. 3832-3839): MS (m+1) 
= 365.4. 

EXAMPLE 102: 

15 3.[(9H-Purin-6-ylamino)-methyl]-pyirolidine-l-carboxylic acid benzyl 

ester 



H 



EXAMPLE 102 was prepared from 3-aminomethyl-pyrrolidine-l- 
caiboxyUc acid benzyl ester (EXAMPLE 79, Step 3) and 6-chIoro-9H-putine: 
20 MS (m+1) = 353.4. 

EXAMPLE 103: 
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20 



3-Nitro-N^-[l-(2-phenyl-«thanesulfonyl)-piperidin-4-ylmethy 
pyridine-2,6-dianune 

H2N 

r-N 

-NH , . Q 



EXAMPLE 103 was prepared from C-[l-(2-phenyl-ethanesulfonyl)- 
5 piperidin-4-yl]-methylainine and 6-chloro-3-nitro-pyridin-2-ylamine: MS (m+1) = 
420.5. 

EXAMPLE 104: 

(lH-Imida2o[4,5-b]pyridin-5-yl)-[l-(2-phenyl-ethanesuIfonyl)- 

10 piperidin-4-ylmethyl]-anune 



rVN 



EXAMPLE 104 was prepared ftom 3-nitro-N*-[l-(2-phenyl- 
ethai»esulfonyl)-piperidin4-ylmelhyl]-pyridine-2,6Hliarnine (EXAMPLE 103) 
(Immol scale) by hydrogwiation in l5mL of THF/methanol over 0.5 of Raney-nickel 
15 under latm of hydrogen for Ih, followed by immediate conversion of the crude, air 
sensitive triaminopyridine into the imidazo[4,5b]pyridine by heating with 5mL of 
96% formic acid and 2mL of 37% hydrochloric acid at reflux overnight. The free 
base was liberated with sodium hydroxide and purified by preparative 
chromatography, eluting with 90:10 chloroform: methanol: MS (m+1) = 400.5. 



EXAMPLE 105: 

4-[(lH-Ben2oiimda2ol-4-ylamino)-methyI]-piperidine-l-carboxylic 

acid benzyl ester 
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EXAMPLE 105 was prepared from lH-benzoiniidazol-4-ylainine 
(The lH-benzoimidazol-4-ylamine was prepared by heating 1.5g of 3-nitio-benzene- 
1,2-diainine in 50mL of triethyl orthoformate with lOmg of p-toluenesulfonic acid 
monohydrate at reflux overnight, concentration to dryness under reduced pressure, 

5 hydrolysis with refluxing 3N HCl for Ih and neutralization with NaOH. Hien. 
cooling and collection yielded the 4-nitro-benziinida2ole product by filtration. 
Catalytic reduction using Raney Nickel® in ethanol undw latm of hydrogen for Ih 
gave lH-ben2oiimdazol-4-ylamine as an air sensitive solid) and 4-formyl-piperidine- 
1-carboxyUc acid benzyl ester (prepared from 4-(N-methoxy-N-methyl^arbamoyl)- 

10 pipcridine-l-carboxyUc acid benzyl ester, using the procedures described by S. Nahm 
and S. W. Weinreb, Tetrahedron Utters, 22:3815-3818(1981)) on a Inunol scale by 
reductive amination in SmL of 1,2-dichloromethane using sodium 
triacetoxyborohydride over 0.5 of Raney Nickel® under latm of hydrogen for Ih, 
followed by immediate conversion of the crude, air sensitive triaminopyridine into thi 

15 inudazo[4,5b]pyridine by heating with SmL of 96% formic acid.and 2n)L of 37% 
hydrochloric acid at reflux overnight. The free base was liberated with sodium 
hydroxide and purffied by preparative chromatography, eluting with 90:10 
chloroform: methanol: MS (m+1) = 365.5. 



20 EXAMPLE 106: 

4-[(3-Hydroxy-pyridin-4-ylamino)-methyl]-piperidine-l-carboxylic 

acid benzyl ester 



EXAMPLE 106 was prepared from 4-(3-hydroxy-pyridin-4- 
25 yIcarbamoyl)-pipetidine-l^arboxylic acid benzyl ester (which was prepared by EDC 
coupling of 4-amino-pytidin-3-ol andN-benzyloxycarixmyl piperidine-4-carboxylic 
acid) by borane-THF reduction overnight at room temperature. The reaction was 
quenched by slow addition of IN HQ until pH = 2. then basified to pH = 10 with 10 
N NaOH. Extraction witii chloroform yielded a crude product which was purified by 
30 preparative chromatography, eluting with 90:10 chloroform saturated witii ammonia: 
metijanol to give 4-[(3-hydroxy-pyiidin-4-ylamino)-methyl3-piperidine-l-carboxyKc 

acid benzyl ester: MS (m+1) = 342.4. 
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EXAMPLE 107: 

3-exo-(I^din-4-ylamiiiomethyl>8-a2a-bicyclo[3.2.13oct^ 

carboxylic acid benzyl ester hydrochloride 
5 Step 1: 

(8-Ben2yl-8-azabicyclo[3.2J]oct-3-exo-yl)methylamine 



25 




In a thiee-neck flask equipped with an addition funnel, a nitrogen inlet, 
and a rubber septum was placed a IM solution of lithium aluminum hydride in 

10 tetrahydrofuran (5.5mL, 5.5mmol). To that solution, a solution of S-benzyl-B- 
azabicyclo[3.2.1]octane-3-exo-cari)onitrile (EP 31219 Al 19810701) (1.13g, 
S.Onraiol) in dry tetrahydrofuran was added dropwise via syringe. The resulting 
mixture was stirred 3 hours at 60°C. The mixture was cooled in an ice-bath and 3N 
sodium hydroxide solution (25raL) was added dropwise. The mixture was extracted 

15 with ethyl acetate (2xl00mL). The combined extract was washed with water (50mL) 

and brine (50mL), dried (sodium sulfate), filtered, and the solvent was evaporated 

under reduced pressure to give cmde (8-benzyl-8-azabicyclo[3.2.1]oct-3-exo- 

yl)methylamine product as an oil. 

NMR (CDCI3) 5 7.38 (2H, d, J 7 Hz). 7.34-7.23 (3H, m), 3.54 (2H, 

20 s), 3.21 (2H. m), 2.55 (2H, d, J 6.5 Hz). 2.01 (2H. m). 1.67 (IH. m). 1.60 (2H. d. 7 8 
Hz), 1,56-1.34 (6H,m). 

Mass spec: 231.50 (M+1). 



Step 2: 



(8-Benzyl-8-aza-bicyclo[3.2.1]oct-3-exo-ylmethyl)pyridin-4-yl-amine 



To a mixture of (8-benzyl-8-azabicyclo[3.2.1]oct-3-ex«>- 
yl)methylamine (0.999g, 4.3nmiol). 4-bromopyridine hydrochloride (0.719g, 
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3.7mmol), palladium acetate (0.033g, O.lSmmol), and (±)-BINAP (0.092g. 
O.lSmmol) in tetrahydrofiiran (34mL) under nitrogen, was added sodium t-butoxide 
(0.86g, 8.9mmol). The mixture was stirred at VO^C under nitrogen for 18h. The 
mixture was diluted with ether (35mL), washed with brine (2x35mL), dried (sodium 

5 sulfate), filtered, and the solvent was evaporated under reduced pressure to give crude 
product (1.42g) as a brown gum. The crude product was flash chromatographed on 
silica gel, eluting first with methanol: methylene chloride (10:90) to remove 
impurities, then with methanol: methylene chloride: ammonium hydroxide (10:90:1 
increasing to 20:80:2) to give a yellow foam (1.08g). The foam was triturated with 

10 ether to give a crystalline soUd, The solid was filtered off and dried in vacuo to give 
(8-ben2yl-8-a2a-bicyclo[3.2.1]oct-3-exo-ylmethyl)pyridin-4-yl-amine product as a 

yellow solid. 

NMR (CDCI3) 5 8.16 (2H. m). 7.39 (2H, d, 3 1.5 Hz). 7.32 (2H, 
m). 7.26 (IH. m). 6.41 (2H, m). 4.25 (IH, br s). 3.55 (2H. s). 3.25 (2H. m). 3.02 (2H. 
15 t, / 6 Hz). 2.05 (2H. m). 1.97 (IH. m). 1.55 (6H, m). 
Mass spec.: 308.36 ^+1). 

St^3: 

(8-Benzyl-8-aza-bicyclo[3.2.1]oct-3-exo-ylmethyl)pyridin-4-yl- 
caibamic acid ferr-butyl ester 

Ph — \y 



A mixture of (8-benzyl-8-aza-bicyclot3.2.1]oct-3-cxo- 
ylmethyl)pyridin-4-yl-amine (0.707g. 2.3mmol). 4-dimethylaminopyridine (0.037g. 
0.30mmol. 0.13 equiv.), and di-tert-butyl dicarbonate (0.79g. 3.6mmol) in acetonitrile 
was stirred under nitrogen at ambient temperature for 18h. The mixture was 

25 concentrated under reduced pressure and the residue was taken up in methylene 
chloride (60mL). Hie mixture was washed with saturated sodium bicarijonate 
solution (30mL), water (30mL). and brine (30mL). dried (sodium sulfate), filtered, 
and the solvent was evaporated under reduced pressure to give a crude product (0.96g) 
as an orange gum. The crude product was flash chromatographed on siUca gel eluting 

30 first with methanol: methylene chloride (10:90). then with methanol: methylene 
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chloride: ammonium hydroxide (10:90:1) to give (8-benzyl-8-aza-bicyclo[3.2.1]oct-3- 
«x»-ylmethyl)pyridin-4-yl-carbanuc acid tert-huty] ester product as a yellow oil. 

*H NMR (CDCI3) 5 8.52 (2H. m). 7.40-7.23 (5H. m). 7.19 (2H, m). 

3.60 (2H. d, y 7 Hz). 3,51 (2H. m). 3.18 (2H, br s). 1.99 (3H. m), 1.48 (9H, s), 1.42 
5 (6H, m). 
Step 4: 

(8-Aza-bicyclo[3.2. l]oct-3-ejco-ylmethyl)pyridin-4-yl-caibamic acid 

tert-butyl ester 

A mixture of (8-ben2yl-8-aza-bicyclo[3.2.1]oct-3-e:w?- 
ylmethyl)pyridin-4-yl-carbamic acid tert-hnty\ ester (0.917g, 2.25nimol) and 10% 
palladium on carbon (0.60g) in methanol (25mL) was hydrogenated (53psi hydrogen) 
for 18 h. The catalyst was removed by filtration through Celite. The filter cake was 
washed with methanol (3x25mL) and the filtrate was concentrated under reduced 
pressure to give crude product (0.592g)as a gum. The crude product was flash 
chromatographed on silica gel eluting with methanol: methylene chloride: ammonium 
hydroxide (10:90:1 increasing to 20:80:2) to give product as a solid white foam. 

NMR (CDCI3) 8 8.53 (2H, m). 7.19 (2H, m), 3.80 (2H, s), 3.64 
(2H,' d, 7 7 Hz), 2.6-2.0 (IH. br s), 2.10 (IH, m), 2.07 (2H, m). 1.63 (6H. m). 1.48 
(9H.S). 
Step 5: 

3-ex^?-[(/^rr-ButoxycarbonyI-pyridin-4-yl-amino)methyl]-8-aza- 
bicyclo[3.2.1]octane-8-carboxylic acid benzyl ester 
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To a rapidly stirred mixture of (8-aza-bicyclo[3.2.11oct-3-exo- 
ylmethyl)pyridin-4-yl-caibamic acid f^rr-butyl ester (95mg. 0.30ininol), sodium 
bicarbonate (76mg, 0.90mmol), methylene chloride (0.8mL), and water (0.8mL) 

5 cooled in an ice-bath, was added benzyl chloroforniate(57ML,68mg,0.40m^ The 
mixture was stirred 18h while warming from ice-bath to ambient temperature. The 
mixture was diluted with dichloromethane (SmL) and the layers were separated. The 
organic layer was washed with water (2niL), and brine (2mL), dried (sodium sulfate), 
filtered, and the solvent was evaporated under reduced pressure to give a crude 

10 product (112mg) as a pale yellow oil. The crude product was chromatographed on a 
2mm silica gel prep plate eluting with ethyl acetate : hexane (3:2) to give 3-ew-[(rerr- 
butoxycarbonyl-pyridin-4-yl-amino)methyl]-8-a2a-bicyclo[3.2.1]octane-8-caiboxylic 

acid benzyl ester product as a colorless gum. 

NMR (CDCI3) 8 8.53 (2H, d, 7 6 Hz), 7.34 (5H, m), 7.17 (2H, d, J 

15 6 Hz), 5.12 (2H, s), 4.29 (2H, br.s), 3.56 (2H, d, 77 Hz), 2.17 (IH, m), 1.92 (2H, m), 

1.55-1.31 (15H,m). 

Step 6: 

3-e»}-(Pyridin-4-ylaminomethyl)-8-aza-bicyclo[3.2.1]octane-8- 
carboxylic acid benzyl ester hydrochloride 



20 




CI 



Into a solution of 3-eJco-[(/ert-butoxycarbonyl-pyridin-4-yl- 
amino)methyl]-8-aza-bicyclo[3.2.1]octane-8-carboxylic acid benzyl ester (54mg, 
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0.12mmol) in ethyl acetate (ImL), cooled in an ice-bath, was bubbled hydrogen 
chloride for 2 minutes. The solution was stirred one hour with ice-bath cooling, de- 
gassed with nitrogen, then concentrated under reduced pressure. The residual gum 
was dissolved in methylene chloride (0.5mL) and the solution was diluted with ether 
5 (5mL) to deposit a gum. The supematant was decanted, the gum was triturated with 
ether, and the resulting solid was filtered off and dried in vacuo to give 3-exo- 
(pyridin-4-ylaminomethyl)-8-aza-bicyclo[3.2.1]octane-8-carboxylic acid benzyl ester 

hydrochloride as an off-white sohd. 

'H NMR (DMSO-d<i) 5 13.34 (IH, br s), 8.68 (IH, m), 8.19 (IH, hr s). 
10 8.06 (IH, br s), 7.36 (5H, m), 6.90 ( 2H, d. J 7 Hz ), 5.08 (2H, s), 4.20 (2H, br sp.ll 
(2H, t. / 6 Hz), 2.17 (IH, m), 1.88 (2H, m), 1.65 (4H, m). 1.31 (2H. m). 
Mass spec.: 352;41 (M+1). 

EXAMPLE 108: „ 

15 3-gxo-[(9H-Purin-6-ylamino)-methyl]-8-aza-bicyclo[3.2.1]octane-8- 

carboxylic acid benzyl ester 
Stepl: 

(8-Benzyl-8-a2a-bicyclo[3.2.1]oct-3-exo-ylmethyl)caibamic add tert- 

butyl ester 



N 




NHBoc 



To a solution of (8-benzyl-8-azabicyclo[3.2.1]oct-3-exo- 
yl)methylamine (EXAMPLE 107, Step 1) (0.65g, 2.8mmol) in dichloromethane 
(30mL) was added di-rcrt-butyl dicarbonate (0.65mL. 0.69g, 3.0mmol). The solution 
was stirred 18h under nitrogen. The solution was diluted with dichloromethane 

25 (50mL), washed with saturated sodium bicarbonate solution (25mL), water (25mL), 
and brine (25mL), dried (sodium sulfate), filtered, and the solvent was evaporated 
under reduced pressure to give a crude product (0.993g) as a pale yeUow solid. A 
solution of the crude product in ethyl acetate (5mL) was filtered through a pad of . 
sUica gel, eluting with ethyl acetate: hexane (2: 1). The filtrate was evaporated under 

30 reduced pressure to give (8-benzyl-8-aza-bicyclo[3.2.1]oct-3-exo-ylmethyl)caibamic 
acid terr-butyl ester product as a white solid. 
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NMR (CDCI3) 5 7.37 (2H, d, 7 7 Hz). 7.30 (2H. t, 7 7 Hz), 7.24 
(IH. m\ 4.55 (IH. br s), 3.53 (2H, s). 3.19 (2H. s), 2.99 (2H. m), 2.00 (2H. m), 1.80 
(IH, m). 1.55 (4H, m). 1.44 (IIH, m). 
Step 2: 

5 (8-Aza-bicyclo[3.2. l]oct-3-«o-ylmethyl)carbamic acid tert-butyl ester 




NHBoc 



A mixture of r^rr-butyl (8-benzyl-8-azabicyclo[3.2.1]oct-3-exo- 
yl)methylcarbamate (0.892g, 2.7minoI) and 10% palladium on carbon (0.55g) in 
methanol (50mL) was hydrogenated under a hydrogen balloon for 18h. The catalyst 
10 was removed by filtration through Celite. The filter cake was washed with methanol 
(3x25mL) and the filtrate was concentrated under reduced pressure to give crude (8- 
aza-bicyclo[3.2.1]oct-3-cw-ylmethyl)caibamic acid tert-hntyl ester product as a white 
solid. 

'H NMR (CDCI3) 5 4.57 (IH. br s). 3.53 (2H, s). 2.96 (2H. m), L95- 
15 1.77 (4H. m). 1.72-1.50 (4H. m), 1.44 (9H. m), 1,24 (2H, m). 
Mass spec.: 241.32 (M+1). 

Step 3: 

3-ejco-(/err-Butoxycaibonylamino-methyl)-8-aza-bicyclo[3.2.1]octane- 
8-carboxylic acid benzyl ester 




NHBoc 



To a mixture of teri-hvityl 8-a2abicyclo[3.2.1]oct-3-«o- 
ylmethylcaibamate (0.84g, 3.5nmiol) in acetonitrile (35mL) was added 1- 
{[(benzyloxy)caibonyl]oxy}pyrrolidine-2,5-dione (0.87g, 3.5nmiol). The mixture 
was stirred 18h under nitrogen. Tlie resulting solution was concentrated under 
25 reduced pressure. The residue was partitioned between ethyl acetate (150mL) and 
water (75mL) and die layers were separated. The organic layer was washed with 
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water (2x75mL) and brine (50mL), dried (sodium sulfate), filtered, and the solvent 
was evaporated under reduced pressure to give a crude product (1.3 Ig) as a white 
solid. The crude product was purified by flash column chromatography on silica gel, 
eluting with ethyl acetate: hexane (30:70 increasing to 50:50) to give 3-exo-(fert- 
butoxycarbonylamino-methyl)-8-aza-bicyclo[3.2.1]octane-8-carboxylic acid benzyl 

ester product as a white solid. 

•H NMR (CDC13) 8 7.36 (5H, m), 5.13 (2H, s), 4.56 (IH, br s). 4.32 
(2H. br s), 2.94 (2H. m), 2.00 (3H, m). 1.62 (4H. m). 1.48-1.25 (IIH. m). 

Mass spec.: 375.39 (M+1). 



10 Step 4: 

benzyl ester 



3-cxo-Aminomethyl-8-aza-bicycloI3.2.1]octane-8-carboxyUcacid 




Benzyl 3-exo-{ [(rcrt-butoxycarbonyl)amino]methyl }-8- 
15 azabicyclo[3.2. l]octane-8-carboxylate (0.94g, 2.5mmoI) was placed in a round- 
bottom flask under nitrogen and cooled in an ice-bath. Trifluoroacetic acid (6mL) 
was added dropwise and the mixture was stirred one hour with ice-bath cooling. The 
mixture was poured into ice-cold 5N sodium hydroxide solution (l6mL) and the 
aqueous mixture was extracted with methylene chloride (4x50mL). The extract was 
20 washed with brine (50mL), dried (sodium sulfate), filtered, and the solvent was 
evaporated under reduced pressure to give product as a colorless oil. 

*H NMR (CDC13) 5 7.36 (5H, m). 5.14 (2H. s), 4.33 (2H. br s). 2.52 
(2H, d, / 6 Hz), 1.96 (2H. m), 1.88 (IH, m). 1.67 (2H, d. / 7 Hz), 1.61 (2H. m), 1.42- 
1.25 (4H,m). 
25 Mass spec: 275.34 (M+1). 

Step 5: 

3-exo-[(9H-Purin-6-ylamino)-methyl]-8-aza-bicyclo[3.2.1]octane-8- 
carboxylic acid benzyl ester 
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A solution of 3-ew^aminomcthyl-8-aza-bicyclo[3.2.1]octane-8- 
caiboxylic acid benzyl ester (27mg, 0. lOmmol), 6-chloropurine (3 Img, 0.20mmol), 
and diisopropylethylamine (SS^iL, 0.20nunol) in isopropanol (2mL) was heated at 

5 reflux for 18h. The resulting mixture was concentrated under reduced pressure and 
the residue was taken up in ethyl acetate (3mL). The resulting mixture was washed 
with saturated sodium bicarbonate solution (ImL), water (2xlmL), and brine (ImL), 
dried (sodium sulfate), filtered, and the solvent was evaporated under reduced 
pressure to give a crude product (39mg) as a yellow solid. The solid was triturated in 

10 hot ethyl acetate (ImL), the mixture cooled to ambient temperature, and the solid 
precipitate filtered ofif and dried in vacuo to give 3-ew>-[(9H-purin-6-ylamino)- 
methyl]-8-aza-bicyclo[3.2.1]octane-8-caiboxyUc acid benzyl ester product as a white 
solid. 

NMR (DMS0-d6) 5 12.86 (IH, br s), 8.16 (IH, s), 8.07 (IH, s), 
15 7.61 (IH. br s), 7.35 (5H, m), 5.08 (2H, d, 7 2 Hz), 4.17 (2H, br s),3.32 (2H, m), 2.26 
(IH. m), 1.86 (2H. br s), 1.61 (4H, m), 1.34 (2H, m). 
Mass spec.: 393.36 (M+l). 

EXAMPLE 109: 

20 3-exo-[(3-Chloropyrazin-2-ylamino)methyl]-8-aza- 
bicyclo[3.2.1]octane-8-carboxylic acid benzyl ester 




Employing the procedure substantially as described for 3-cxo-[(9H- 
purin-6-ylamino)-methyI]-8-aza-bicyclo[3.2.1]octane-8-carboxylic acid benzyl ester 
25 (EXAMPLE 108), but substituting 2,3-dichloropyrazine for 6-chloiopurine, the crude 
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product (51mg) was obtained as an oil. The crude product was filtered through a pad 
of silica gel elating with ethyl acetate: hexane (2:1), and the filtrate was concentrated 
under reduced pressure. The residual oil was dissolved in ether, the solvent 
evaporated under reduced pressure, and the residue dried in vacuo to give 3-exo-[(3- 
5 chloropyra2in-2-ylamino)methyl]-8-aza-bicyclo[3.2.1]octane-8-cw^ acid benzyl 

ester as a yellow gum. 

NMR (CDC13) 5 7.93 (IH, d. / 3 Hz ), 7.56 (IH, d. / 3 Hz ), 7.36 

(5H, m), 5.20 (IH. m), 5.15 (2H. s). 4.34 (2H. br s). 3.32 (2H, m). 2.21 (IH. m). 1.97 

(2H, m), 1.66 (4H, m), 1.60-1.40 (2H, m). 

10 Mass spec.: 387.27 (M+1). 

EXAMPLE 110: 

[8-(2-Phenylethanesulfonyl)-8-aza-bicyclo[3.2.1]oct-3-«o- 

ylmethyl]pyrinudin-2-yl-amine 
15 Stepl: 

[8-(2-/ranj-Phenylethenesulfonyl)-8-aza-bicyclo[3.2.1]oct-3-exo- 
ylmethyllcarbamic acid tert-butyl ester 




To a solution of rm-butyl 8-azabicyc]o[3.2.1]oct-3-exo- 
20 ylmethylcarbamate (EXAMPLE 107, Step 1) (0.60g, 2.5mmol) and 

diisopropylethylamine (0.52inL, 0.39g, 3.0imnol) m methylene chloride (15mL), 
under nitrogen cooled in an ice-bath, was added diopwise ov^ 10 minutes a solution 
of rranj-2-phenylethenesulfonyl chloride (0.57g, 2.8nmiol) in methylene chloride 
(lOmL). The resulting mixture was stirred 18h under nitrogen while waraiing from 
25 ice-bath to ambient temperature. The solution was diluted with dichloromethane 
(125mL). washed with IN sodium hydroxide solution (50mL), water (SOmL), and 
brine (50mL), dried (sodium sulfate), filtered, and the solvent was evaporated under 
reduced pressure to give a crude product (0.95g) as yellow gum. The crude product 
was purified by flash column chromatography on silica gel, eluting with ethyl acetate: 
30 hexane (33:67 increasing to 50:50) to give [8-(2-rrafw-phenylethenesulfonyl)-8-aza- 
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bicyclo[3.2.11oct-3-exo-ylinethyl]carbamic acid tert-butyl ester product as a colorless 
gum. 

*H NMR (CDCI3) 5 7.50-7.40 (6H, m), 6.65 (IH, d, J 15 Hz). 4.58 
(IH, br s), 4.24 (2H, br s). 3.00 (2H. m). 1.96 (3H. m), 1.69 (3H. m). 1.54 (3H, m). 
5 1.44 (9H.m). 
Step 2: 

[8-(2-Phenylethanesulfonyl)-8-aza-bicycloi3.2. l]oct-3-exo- 
yhnethyl]carbainic acid tert-butyl ester 




NHBoc 



10 A mixture of [8-(2-^rans-phenylethenesulfonyl)-8-aza- 

bicyclo[3.2.1]oct-3-«o-ylmethyI]caibamic acid tert-butyl ester (0.61g, l.Smmol) and 
20% palladium hydroxide on carbon (0.30g) in ethanol (50mL) was hydrog«iated 
(52p8i hydrogen) for 18h. The catalyst was removed by filtration throu^ Cdite. The 
filter cake was washed with ethanol (3x25mL) and the filtrate was concentrated under 

15 reduced pressure to give crude [8-(2-phenylethanesulfonyl)-8-aza-bicyclo[3.2.11oct-3- 

exo-ylmethyl]carbamic acid r«rt-butyl ester product as a gum. 

NMR (CDCI3) 5 7.35-7.20 (5H, m). 4.56 (IH, br s). 4.24 (2H, br s). 

3.24 (2H.m), 3.11 (2H. m). 2.98 (2H, t, / 6 Hz), 2.02 (2H, m). 1.92(lH.m). 1.74- 

1.51 (4H, m), 1.44 (9H, s), 1.37 (2H, m). 

20 Step 3: 

C-[8-(2-Phenylethanesulfonyl)-8-aza-bicyclo[3.2.1]oct-3-«w>- 
yljmethylamine 




A solution of crude [8-(2-phenylethanesulfonyl)-8-aza- 
25 bicyclo[3.2. l]oct-3-«co-ylmethyl]caibamic acid tert-butyl ester (0.64g, 1 .5mmol) i 
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dioxane (2mL) and 3N hydrochloric acid (2niL) was heated at reflux for 3h. The 
solvent was removed under reduced pressure. The aqueous residue was cooled in an 
ice-bath and made basic with 3N sodium hydroxide solution. The aqueous mixture 
was extracted with methylene chloride (4x20mL). The organic layer was washed with 
5 brine (20mL), dried (sodium sulfate), filtered, and the solvent was evaporated under 
reduced pressure to give a crude product (0.404g) as a pale yeUow oil. A solution of 
the crude product in methylene chloride was filtered through a pad of siUca gel eluting 
with methanol: methylene chloride: ammonium hydroxide (20:80:2) to give C-[8-(2- 
phenylethanesulfonyl)-8-aza-bicyclo[3.2.1]oct-3-exo-yl]methylamine product as a 

10 yellow oil. 

NMR (CDC13) 8 7. 32 (2H. m). 7.26 (IH, m), 7.21 (2H, d, 7 7 Hz). 
4.24 (2H, m). 3.24 (2H. m). 3.11 (2H. m). 2.56 (2HI. d, 76 Hz), 2.03 (2H. m), 1.82- 
1.65 (5H,m), 1.37 (4H,m). 

Mass spec.: 309.33 (M+1). 

15 Step 4: 

[8-(2-Phenyletiianesulfonyl)-8-aza-bicyclo[3.2.1]oct-3-exo- 
ylmethyl]pyrimidin-2-yl-amine 



9 

s=o 

N 



A solution of C-[8-(2-phenylethanesulfonyl)-8-aza-bicyclo[3.2.1]oct-3- 
20 63eo-yl]methylamine (31mg, O.lOmmol), 2-bromopyriniidine (32mg, 0.20mmol), and 
diisopropylethylamine (35mL. 0.20mmol) in isopropanol (2mL) was heated at reflux 
for 18h. The mixture was concentrated under reduced pressure and the residue was 
taken up in ethyl acetate (3mL). The resulting mixture was washed with saturated 
sodium bicari3onate solution (ImL), water (2xlmL), and brine (ImL), dried (sodium 
25 sulfate), filtered, and the solvent was evaporated under reduced pressure to give a 
crude product (39mg) as a yeUow soUd. The crude product was chromatographed on 
a 1mm silica gel prep plate eluting with ethyl acetate : hexane (2:1) to give a coloriess 
gum (27mg). The gum was crystalUzed from ethyl acetate, the precipitate filtered off, 
and dried in vacuo to give [8-(2-phenylethanesulfonyl)-8-aza-bicyclo[3.2.1]oct-3-ew)- 
.30 yhnethyl]pyrimidin-2-yl-amine product as a white solid. 
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'H NMR (CDCI3) 5 8.26 (2H, d, 7 5 Hz). 7.32 (2H, m), 7.26 (IH, m), 
7.21 (2H, d. J 7 Hz). 6.53 (IH, t, 7 5 Hz).5.11 (IH, m). 4.25 (2H. m). 3.31 (2H, 1. 1, J 
6.5 Hz). 3.24 (2H, m). 3.12 (2H, m). 2.03 (3H. m). 1.74 (4H, m). 1.46 (2H. m). 

Mass spec.: 387.31 (M+1). 

5 

EXAMPLE 111: 

l-[4-(Pyriinidin-2-ylaiiunoinethyl>piperidin-l-yl]-4-thiophen-^^ 

butan-l-one 

10 Benzyl 4-t(2-pyriimdinylamino)methyl]-l-piperidiTiecarboxylate 

(EXAMPLE 16) was hydrogenated as described in EXAMPLE 30, Step 1. The 
resulting piperidine was combined with EDC (1.3equiv.), HOBT (l.Oequiv.). and 4- 
thiophen-2-yl-butyric acid (l.Oequiv.) in DMF and stined for 2h. The resulting 
reaction solution was partitioned into ethyl acetate and aqueous sodium bicarbonate. 

15 The organic layer was seperated and washed with pH 4.5 citric acid buffer (10% citric 
acid and sodium hydroxide), dried (sodium sulfate), and concentrated to yield the 
desired l-[4-(pyriinidm-2-ylaminomethyl)-piperidin-l-yl]-4-thiophen-2-yl-butan-l- 

one. M.S. (M+l): 345.25 

20 EXAMPLE 112: 

3-Phenyl-l-[4-(pyiimidin-2-ylaminomethyl)-piperidin-l-yl]-propan-l- 



one 



The title compound was prepared as described in EXAMPLE 111, 
25 except substituting 4-thiophen-2-yl-butyric acid with 3-phenylpropionic acid. 
M.S. (M+l): 325.28 
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EXAMPLE 113: 

(2-Phenyl-cyclopiopyI)-[4Kpyriim(Iin-2-ylaniino 

yl]-methanone 




5 The title compound was prepared as described in EXAMPLE 111. 

except substituting 4-thiophen-2"yl-butyric acid with 2-phenyl- 
cyclopropanecarboxylic acid. M.S. (M+1): 337.27 

EXAMPLE 114: 

10 2-Phenoxy-l-[4-(pyrimidin-2-ylaminomethyl)-piperidin-l-yl]-ethanone 



The title compound was prepared as described in EXAMPLE 111, 
except substituting 4-thiophen-2-yl-butyric acid with phenoxyacetic add. 
M.S. (M+1): 341.27 

15 

EXAMPLE 115: 

4-(Pyridin-4-ylaininomethyl)-piperidine-l-caiboxylic add thiophen-3- 

ylmethyl ester 



20 The title compound was prepared as described in EXAMPLE 30, 

except substituting 3-fluorobenzyl alcohol with thiophen-3-yl-inethanol. 
M.S. (M+1): 332.31 
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EXAMPLE 116: 

N-benzyl-N'-cyano-N"-[4-(pyridin-4-ylaininomethyl)piperidinyl] 

guanidine 

5 To a solution of diphenyl cyanocarbonimidate (0.44nimol) in THF 

(3mL) at -78°C was added benzylamine (0.44mmol, in 2inL THF) dropwise. The 
cooling bath was removed, and after reaching 20''C, piperidin-4-ylmethyl-pyridin-4- 
yl-amine (0.44inmol. in 2 mL DMF, EXAMPLE 30) was added. The resulting 
reaction mixture was heated to 90*'C for 14h, cooled, the volatiles were removed 

10 under vacuum, and the resulting residue purified by silica gel chromatogr^hy. 
M.S. (M+1): 349.38 

EXAMPLE 117: 

4-[(3-Chloio-pyrazin-2-ylaroino)-methyl]-piperidine-l-caiboxylicacid 
15 4-chloro-ben2yl ester 




The title compound was prepared as described in EXAMPLE 47, 
reacting 2,3-dichloropyrazine witij INTERMEDIATE 2b to give the title compound. 
M.S.(M+1): 395. 

20 

EXAMPLE 118: 

4-[(3-Chloro-pyra2in-2-ylamino)-methyl]-piperidine-l-carboxylicacid 

4-methyl-benzyl ester 
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The title compound was prepared as described in EXAMPLE 47, 
reacting 2,3-dichloropyra2ine with DJTERMEDIATE 2a to give the title compound. 
M.S.(M+1): 375. 

5 

EXAMPLE 119: 

4-[(3-ajloio-pyraan-2-ylaniino)-niethyl]-piperidine-l-carboxylicacid 

indan-2-yl ester 




10 Stepl: 

4-Aminomethyl-pipetidine-l-carboxylic acid indan-2-yl estar 

The title compound was prepared in the same way as described for the 
preparation of INTERMEDIATES 2A-E. 
15 Step 2: 

4-[(3-Chloro-pyrazin-2-ylamino)-methyI]-piperidine-l-carboxylicacid 
indan-2-yl ester 

The title conqwund was prepared as described in EXAMPLE 47, 
reacting 2,3-dichloropyrazine with the amine described in STEP 1. M.S.^+1): 387. 

20 
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EXAMPLE 120: 

4-[(3-Chloio-pyrazin-2-ylaimno)-methyll-piperidine-l'^arbo 

benzylamide 




5 Step 1: 

4-Ammomethyl-piperidine-l-carboxylic acid benzylamide 



o 



The title compound was prepared in the same way as described for the 
preparation of INTERMEDUTES 2A-E, replacing the INTERMEDUTE lA-E 
10 with benzyl isocyanate 
Step 2: 

4-[(3-Chloro-pyrazin-2-ylamino)-inethyl]-piperidine-l-carboxyUcad^ 

benzylamide 

The title compound was prepared as described in EXAMPLE 47, 
15 reacting 2,3-dicWQropyi«zine with the amine described in STEP 1, to give the title 
compound. M.S.(M+1): 360 

EXAMPLE 121: 

4.[(3-Cyano-pyrazin-2-ylamino)-methyl]-piperidine- 1-carboxylic acid 

20 benzyl ester 
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The title compound was prepared in a numner similar to that described 
for the preparation of EXAMPLE 47. utilizing 2-chloiD-3-cyanopyrazine 
^ybridge Chemicals) in place of 2,3-dichloropyra2ine. M.S.(M+1): 352. 

5 

EXAMPLE 122: 

4-[(3-Aminomethyl-pyra2in-2-ylamino>methyl]-pip«idine-l- 

caiboxylic acid benzyl ester trifluotoacetic acid salt 




IQ To a solution of 4-[(3-cyano-pyrazin-2-ylainino>methyl]-pipcridine- 

1-caiboxyUc acid benzyl ester (130mg) (EXAMPLE 121) in ethanol (lOmL) under 
nitrogen, was added Raney Nickel (20mg) and the mixture stirred under hydrogen 
(latm)for8h. The reaction was filtered, concentrated in vacuo, and then purified 
using reverse phase chromatography C-18 (gradient elution 0.1% aqueous 

15 trifluoroacetic acid/acetonitrile) to give the tide compound as the trifluotoacetic acid 
salt M.S.(M+1): 356. 

EXAMPLE 123: 

4-[(6-Aminomethyl-pyra2in-2-ylamino>raethyl]-pip«idine-l- 

20 carfooxylic add benzyl ester trifluoroacetic acid salt 
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This was prepared in a manner similar to tbat described for the 
preparation of EXAMPLE 122, from 2-chloro-6-cyanopyra2ine (L. Bemadi et al 
Gazz. Chim. Ital, 91. 1431 (1961) and benzyl 4-(aminomethyl)piperidine-l- 
5 caiboxylate (EXAMPLE 13, Step 1). M.S.(M+1): 356 . 

EXAMPLE 124: 

4-[(3-Methoxy-pyrazin-2-ylamino)-methyl]-piperidine-l-caiboxylic 

acid benzyl esto* 




4-[(3-CMoro-pyrazin-2-ylamino)-methyl]-pipeiidine-l-caiboxylicacid 
b«»zyl ester (2.72g, 7.54mmol) and 0.5 M sodium methoxide in methanol (40mL) 
were heated undo: nitrogen at eCC for 2 days, cooled, evaporated and the residue 
partitioned between EtOAc and water. The organic layer was washed with brine, 
15 dried and solvent evaporated to afford crude material, purified by flash 

chromatography on siUca (gradient 25 to 100%EtOAc hexane) to give the desired 
compound as a soUd. The soUd was stirred with approx. (lOmL) 2:1 isopropyl acetate: 
hexane and filtered to give the tide compound as white solid. M.S.(M+1): 357 

20 EXAMPLE 125: 



-137- 



wo 02/068409 PCTAJS02/05226 



4-[(3-Ethoxy-pyra2in-2-ylamino)«methyl]-piperidine-l-carboxylica^^ 

benzyl ester 





The title compound was prepared as described for EXAMPLE 124, 
5 using sodium ethoxide in etiianol in place of sodium methoxide in methanol. 
M.S.(M+1): 371 

EXAMPLE 126: 

4-[(3-isopropoxy-pyra2in-2-ylamino>methyl]-piperidine-l-carboxylic 

10 acid benzyl ester 



Yl6 



The title compound was prepared as described for EXAMPLE 124, 
using sodium isopropoxide in isopropanol in place of sodium methoxide in methanol. 
M.S.(M+1): 385 

15 

EXAMPLE 127: 

{4-[(3-Methoxy-pyrazin-2-ylamino)-methyl]-piperidin-l-yl}-((lR,2R> 
2-phenyl-cyclopropyl)-methanone 
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6 




Step 1: 

4-[(3-Chloro-pyra2in-2-ylamino)-methyl]-piperidine4^^ 

teit-butyl ester 



2,3-Dichloropyrazme (l.Og, 0.0067mol) , tert-butyl-4- 
(aimnomethyl)piperidine-l-caiix)xylate (1.6g, 0.0075mol) (Astatech) and cesium 
carbonate (2.4g, 0,0075mol) in acetonitrile (10 mL)were heated to 90*^0 under 
nitrogen for 18h. The reaction was concentrated in vacuo, diluted with ethyl acetate 
10 (50mL) and washed with water (50mL). The organic extract was dried over sodium 
sulfate, filtered and chromatographed on silica using a gradient of 10 to 30% ethyl 
acetate/hexane to give the title compound as a foam. M.S.(M+1): 327 
Step 2: 

4-[(3-Methoxy-pyra2in-2-ylamino>methyl]-piperidinc-lH:aiboxylic 
15 acid tert-butyl ester 



"fro 



0 ' 

4-[(3-Chloro-pyra2in-2-ylamino)-methyl]-piperidme-l-caiboxyn^ 
teit-butyl ester (3.0g, 0.0092mol) and 0.5M sodium methoxide in methanol (40mL) 
were heated under nitrogen at TS'C for 18h. The reaction was concentrated in vacuo, 
20 diluted with methylene chloride (lOOmL) and washed with water (pH=9, adjusted 
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with NaOH). The organic extract was dried over sodium sulfate filtered and 
concentrated to give the title compound. M.S.(M+1): 323. 
Step 3: 

4-l(3-Methoxy-pyrazin-2-ylamino)-methyl]-piperidine 



5 




4;-J(3"Methoxy-pyra2in-2-ylanuno)-methyl]-piperidine-l-carbox 
acid tert-butyl ester (0.5g, O.OOlSmol) and trifluoroacetic acid (5mL) were allowed to 
stir under nitrogen for 0.5h. The reaction was concentrated in vacuo, and 
chromatographed on silica using methylene chloride/methanol/ammonium hydroxide 
10 (90/10/2) to give the tide compound. M.S.G^+1): 223. 
Step 4: 

{4-[(3-Methoxy-pyrazin-2-ylaniino)-methyl]-piperidin-l-yl}-((lR,2R)- 
2-phenyl-cyclopropyl)-methanone 




15 A mixture of 4-[(3-methoxy-pyrazin-2-ylamino)-methyl]-piperidine 

(0.093g, 0.00042mol). l-hydroxybenzotriazole ( 0.078g, O.OOOSmol), l-ethyl-3-(3- 
dimethylaininopropyl)carbodiimide hydrochloride (0.097g, O.OOOSmole) and (IR^)- 
2-phenylcyclopropropanecarboxylic acid (T. Riley et al., /. Med. Cherru, 15, 1187, 
1972) (0.072g, 0.00044mo]) in DMF (2mL) were stirred at rt for 18h, Hie reaction 

20 was diluted with ethyl acetate (30mL), washed with 10% aqueous sodium bicarbonate 
(20mL) followed by brine (lOmL), concentrated in vacuo and chromatographed on 
silica using 50-100% ethyl acetate/hexane. Crystallization firom ethet/hexane gave the 
title compound. M-S.(M+1): 367. 

25 EXAMPLE 128: 

[2-((lR,2R>-(2-FIuoro-phenyl))-cyclopropyl]-{4-[(3-methoxy- 

pyrazin-2-ylamino)-methyl]-piperidin-l-yl}-methanone 
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The title compound was prepared in a manner similar to that described 
for the preparation of EXAMPLE 127, Step 4 using (lR,2R>2-(2- 
fluorophenyl)cyclopropropanecarboxylic acid, prepared as described below: 
M.S.(M+1): 385. 
Step 1: 

(RJR)-2-(2-Huoro-phenyl)-cyclopropanecaiboxylic acid trat-butyl ester 



To a solution of copper Inflate (2:1 benzene complex) (21mg, 
10 0.041nimol) in chlorofonn (20mL) under nitrogen was added 2,2'-isopropylidenebis- 
(4S)-4-t-butyl-2-oxazoline (12.5mg, 0.042mmol) and the mixture allowed to stir at rt 
for Ih. The reaction was filtered under nitrogen into a flask and 2-fluorostiyene 
(l.Ogm, 8.19mmole) added. A solution of t-butyl diazoacetate (0.63niL, 4.09mmole) 
in chloroform (lOraL) was added dropwise over 1.5h and tiie mixture allowed to stir 
15 overnight at rt. The reaction was concentrated in vacuo and chromatographed on 
silica using 3-10% ethyl acetate/hexane to give (hi-Rf (0.6)-trans of the titie 
compound as an oil. 

'H NMR 400 MHz (5, CDCy 6: 1.22(m. IH), L48(s, 9H), 1.54(m, 
IH), 1.84(m, IH), 2.58(m. IH), 6.9-7.1(m, 3H), 7.17(m.lH). 
20 Step 2: 

2-(2-Fluoro-phenyl)-cyclopropanecarboxylic acid 



■Hi 



To the t-butyl ester from Step 1 (0.52g, 0.0022mole) in 
dichloromethane at 0°C was added trifluoroacetic acid and the mixture stirred at rt for 
25 30min. The reaction was concentrated in vacuo to give the title compound as an oil. 
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Analysis of the acid by chiral HPLC (Chirapak AD, 250X4.6 mm) using 95/5(A/B), 
0.2% trifluioacetic acid in hexane(A) and ethanol(B), ImL/min, showed the material 
tohaveapurityof294%EE. M.S.(M+1): 181. 

EXAMPLE 129: 

[2-((lR3)-(2,6-Difluoro-phenyl))-cyclopropyl]-{4-[(3-methoxy- 

pyrazin-2-ylamino>methyl]-piperidin-l-yl}-methanone 




The title compound was prepared in a manner similar to that described 
10 for the preparation of EXAMPLE 127, Step 4 using (lR,2R)-2-(2,6- 

difluorophenyl)cyclopropropanecaiboxylic acid (prepared in a similar manner to that 
described for 2-(2-fluoro-phenyl)-cyclopK)panecarboxylic acid (EXAMPLE 128). 
M.S.(M+1): 403. 



IS EXAMPLE 130. 

4-[(3-Methoxy-pyrazin-2-ylamino)-methyl3-piperidine-l-carboxylic 

acid 4-methyl-benzyl ester 




A mixture of 4-[(3-methoxy-pyrazin-2-ylamino)-methyl]-piperidine 

20 (EXAMPLE 127, STEP 3) (0.093g, 0,00042mol)and N-(4- 

methylbenzyloxycarbonyloxy)succinimide (INTERMEDIATE lA)(118mg) inDMF 
(2mL) was stirred at rt for 18h. The reaction was diluted with ethyl acetate (30mL), 
washed with 10 % aqueous sodium bicarbonate (20mL) followed by brine (lOmL), 
concentrated in vacuo and chiomatographed on siUca using a gradient elution of 5- 

25 15% acetone/dichloromethane. Concentration in vacuo followed by crystallization 
ftomethec/hexane gave the title compound. M.S.(M+1): 371. 
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5 



EXAMPLE 131: 

4-[(5-Cyano-3-methoxy-pyra2in-2-ylainino)-methyl]-piperidine-l- 

carboxylic acid benzyl ester 



N ' O 




Stepl: 

4-[(5-BK)mo-3-methoxy-pyrazin-2-ylamino>methyl]-piperidi^^^ 
carboxylic acid tert-butyl ester 



Br 

10 To4-[(3-methoxy-pyrazin-2-ylaimno)-methyl]-piperidine-l-carboxylic 
acid tert-butyl ester (EXAMPLE 127, STEP 2) (2.0g, 0.0062niol) in chloroform 
(160mL) and under nitrogen was added pyridine (0.528niL, 0.0064mol), followed by 
a slow addition (-Ih) of a solution of bronaine (L044g, 0.0064mol) in cWorofonn 
(16mL). The reaction was diluted with water (lOOmL) and the organic layer removed. 

15 dried over sodium sulfate, filtered and concentrated to an oil. The oil was 

chromatographed on silica using a gradient of 0 to 4% acetone/dichloromethane to 
give the title compound as a foam. M.S.(M+1): 401. 
Step 2: 

4-((5-Cyano-3-melhoxy-pyra2in-2-ylamino)-methyl]-piperidine-l- 
20 carboxylic acid tert-butyl ester 
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To 4-[(5-bromo-3-methoxy-pyra2dn-2-ylainino)-methyl]-piperidine-l- 
carboxyUc acid tert-butyl ester (0.5g, 0.00125inol) in DMSO (lOmL), under nitrogen, 
was added copper cyanide (0.565g, 0.00625mol) and the mixture heated to 150*^C for 

5 1 ,5h. The reaction mixture was cooled to rt, diluted with a mixture of 20% 

ammonium hydroxide in water (50mL) and dichloromethane (50mL) and allowed to 
stir for Ih. The organic layer was removed, dried over sodium sulfate, filtered and 
concentrated to an oil. The oil was chromatographed on silica using a gradient of 20- 
40 % ediyl acetate/hexane to give the title compound as a foam. M-S.(M+1): 348. 

10 Step 3: 

4-I(5-Cyano-3-methoxy-pyrazin-2-ylamino)-methyl]-piperidine 




The above compound was prepared in a similar manner as described in 
EXAMPLE 127, STEP 3 from 4-[(5-cyano-3-methoxy-pyrazin-2-ylamino)-methyl]- 
15 piperidine-l-carboxylic acid tert-butyl ester. M.S.(M+1): 248. 
Step 4: 

4-[(5-Cyano-3-methoxy-pyrazm-2-ylamino)-methyl]-piperidine-l- 

carboxylic acid benzyl ester 

The above compound was prepared in a sinwlar manner as described in 
20 EXAMPLE 130 ftom 4-[(5-cyano-3-methoxy-pyrazin-2-ylamino)-methyl]- 
piperidine using N-(ben2yloxycarbonyloxy)succimmide (Sigma-Aldrich). 
M.S.(M+1): 382. 
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EXAMPLE 132: 

6-Methoxy-5-.{ [1- (2-(lR.2R)-phenyl-cyclopropanecart)onyl)- 
piperidin-4-ylmethyl]-aniino}-pyra2ine-2-carbonitrile 




1 



S The above compound was prepared in a similar maimer as described in 

EXAMPLE 127, STEP 4 from 4-[(5-cyano-3-methoxy-pyra2in-2-ylamino)-methyl]- 
piperidine (EXAMPLE 131, STEP 3). M.S.(M+1): 392. 

EXAMPLE 133: 

10 4-[(3-Methoxy-5-methyl-pyrazin-2-ylamino>mediyl]-piperidine-l- 
caiboxylic acid benzyl ester 





Stepl: 

4-[(3-Nfcthoxy-5-methyl-pyrazin-2-ylamino)-methyl]-piperidine-l- 
15 caiboxylic acid tert-butyl ester 
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To 4-[(5-bromo-3-methoxy-pyrazin-2-ylaniino)-methyl]-piperidine-l- 
. carboxylic acid tert-butyl ester (EXAMPLE 131, STEP 1) (0.20g, O.OOOSmol) in 
tetrahydrofaran (ImL), under nitrogen, was added 1,3- 

bis(diphenylphosphino)propane nickelCH) chloride ( 0.034g, 0.0625mmol) followed 
5 by a dropwise addition of 2.0M dimethybdnc in toluene (0.313inL, 0.000625mol). 
The reaction mixture was stirred for 1.5h, diluted with water (5mL) and ethyl acetate 
(30mL). The organic layer was removed, dried over sodium sulfate, filtered and 
concentrated to an oil. The oil was chromatographed on silica using a gradient of 20- 
50% ethyl acetate/hexane to give the title compound as a foam, M.S.(M+1): 337. 
10 Step 2 

4-[(3-Methoxy-5-methyl-pyrazin-2-ylamino)-methyl]-piperidine 




The above compound was prepared in a similar manner as described in 
EXAMPLE 127, STEP 3 from 4-[(3-mthoxy-5-methyl-pyra2in-2-ylamino>methyl]- 
15 piperidine-l-carboxylic acid tert-butyl ester, M.S.^+1): 237 
Step 3: 

4-[(3-Methoxy-5-methyl-pyra2in-2-ylamino)-methyl]-piperidine-l- 
carboxylic acid benzyl ester 




20 The above compound was prepared in a similar manner as described in 

EXAMPLE 130 fix)m 4.[(3-methoxy-5-methyl-pyrazin-2-ylamino>methyl]- 
piperidine using N-(ben2yloxycarbonyloxy)succinimide (Sigma-Aldrich). 
M.S.(M+1): 371. 
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EXAMPLE 134: 

4-[(3-Methoxy-5-methyl-pyra2in-2-ylaimno)-niethyl]-pip«idine-l 

caiboxylic acid 4-methyl-ben2yl ester 



The above compound was prepared in a similar manner as described in 
EXAMPLE 130 ftom 4-[(3-methoxy-5-methyl-pyrazin-2-ylamino)-methyl]- 
piperidine (EXAMPLE 130, STEP 2) using N-(4- 

methylbenzyloxycari)onyloxy)succinimide(INTERMEDUTE lA). M.S.(M+1): 
10 385. 

EXAMPLE 135: 

{4-[(3-Methoxy-5-methyl-pyrazin-2-ylamino)-methyl]-piperidin-l- 

yl }-(2-{(lR,2R)-phenyl)-cyclopropyl)-melhanone 



The above compound was prepared in a similar manner as described in 
EXAMPLE 127, STEP 4, from 4-[(3-methoxy-5-methyl-pyrazin-2-ylamino> 
methyl]-piperidine (EXAMPLE 133, STEP 2). M.S.(M+1): 381. 

20 EXAMPLE 136: 

trans N-[(l-{ [2-(2-FIuorophenyl)cyclopropyl]carbonyl}pipaidin-4- 

yl)methyl]-5-fluoropyiiinidin-2-aminc 



5 




15 
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Stepl: 

Methyl (2]^3-(2-flucjrophenyl)prop-2-enoate 




HCl gas was bubbled through a stirring solution of 2-fluorocinnainic 
acid in anhydrous methanol Hie reaction mixture was allowed to cool to room 
temperature, then concentrated to yield the title compound. M.S. (M+1): 181. 
Step 2: 

Methyl 2-(2-fluorophenyl)cyclopropanecarboxylate 




Diazomethane was prepared as follows: To a stirring solution of ethw 
(290raL) and 40% KOH (aq. 90mL) at 0°C, was added l-methyl-3-nitro-l- 
nitrosoguanidine (24.42g,. 166.53mmoI), portionwise. After stirring for Ih, the 
mixture was cooled to -78"C and allowed to stir for an additional ten minutes. The 

15 ether layer and palladium acetate (approx 200mg) were then both added in approx. 10 
portions to a stirred solution of methyl (2E)-3-(2-fluorophenyl)prop-2-enoate (3.0g. 
16.65mmol) in etfier (20mL) at 0°C. After stirring at rt for approximately fliirty 
minutes, ttie reaction mixture was ihsa filtered through silica gel and concentrated. 
M.S. (M+1): 195. 

20 Step 3: 

Preparation of 2-(2-fluorophenyl)cyclopropanecarboxyUc acid 




-148- 



wo 02/068409 



PCT/US02/0S226 



To a stined solution of methyl 2-(2- 
fluorophenyl)cyclopropanecarboxylate (4.8g, 24.72minol) in tetrahydrofuran (25mL), 
was added lOM sodium hydroxide solution (approximately 2mL), a small amount of 
water, and sufficient methanol to achieve a homogeneous reaction mixture. The 

5 reaction mixture was then allowed to stir at rt for approximately 2h. After 

concentrating the reaction mixture, IN HCl was added until tiie mixture was acidic. 
The organic layer was extracted twice witii ethyl acetate, then washed with brine, 
dried over anhydrous Na2S04, and concentrated to afford the title compound 
M,S. (M+1): 181. 

10 Step 4: 

N-[(l- { [2-(2-fluorophenyl)cyclopropyl]carbonyl }pip«idin-4- 
yl)iiiBthyl]-5-fluoropyrimidin-2-aniine 

A solution of 4-[(5-fluoio-pyrimidin-2-ylamino)-methyl]-piperidine-l- 
15 caiboxylic acid benzyl ester (EXAMPLE 71, STEP 2) was hydrogenated at latm. of 
hydrogen over 10% Pd/C in ethanol until debenzylation was complete. The reaction 
mixture was then filtered, the catalyst washed with ethanol and solvent evaporated to 
give the deprotected amine which was coupled witfi 2-(2- 
£luorophenyl)cyclopropanecarboxylic add using the conditions described in 
20 EXAMPLE 127, STEP 4 to give the title compound after chromatography on silica! 

NMR (400 MHz): 5 8.15 (m, 2H); 7.17 (brs, IH); 7.04 (m. 2H); 
5.47 (brs, IH); 4.65 (brs, IH); 4.15 (d, IH); 3.31 (m, 2H); 3.08 (t, IH); 2.56 (m, 2H); 
2.02 (brs, IH); 1.90 (m, 3H); 1.67 (m, IH); 1.22 (m, 4H). 
M.S. (M+1): 373. 

25 

EXAMPLE 137: 

(S,S)and(RJl)N-[(l-{[2-(2- 
fluorophenyl)cyclopropyl]carbonyl}piperidin-4-yl)methyl]-5-fluoropycimidin-2-amine 
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Separation of the two enantiomeis of N-[(l-{ [2-(2- 
iluorophenyl)cyclopropyl]carbonyl}piperidin-4-yl)niethyl]-5-fluoropy^^ 
was accomplished on a Chiralpak AD column, eluting with 0.1% diethylamine in 
5 .hexane/2-propanol. 

EXAMPLE 138: 

N-[(l-{[2-(2,6-difluorophenyl)cyclopropyl]carbonyl}piperidin-4- 

yl)methyl]-5-fluoropyrimidin-2-amine 



10 




The title compound was prepared in a manner similar to that described 
for EXAMPLE 136, starting with 2,6-difluorocinnamic acid 

NMR (400 MHz, CDQa): 5 8.16 (s, 2H); 7.13 (brs, IH); 6.82 (dd, 
2H); 5.20 (s, IH); 4.67 (m, IH); 4.23 (m, IH); 3.32 (dd, 2H); 3.11 (m, IH); 2.64 (m, 
15 IH); 2.38 (m, IH); 2.30 (m, IH); 1.94-1.80 (m, 2H); 1.66 (m. 2H); 1.40-1.39 (m. IH); 
1.27.L22 (m. 2H). 

M.S. (M+1): 391. 

EXAMPLE 139: 
20 (S.S) and (R.R) N.[(l-{[2<2.6. 

difluorophenyl)cyclopropyl]carbonyl}piperidin-4-yl)methyl3-5-fluoropyri^ 

amine 
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Separation of the two enantiomers of N-[(l-{ [2-(2- 
flU0K)phenyl)cyclopropyl]carbonyl}piperidin-4-yl)methyl]-5-fluoropyriniidin-2-aim 

was accomplished on a Chiralpak AD column, eluting with 0.1% diethylamine in 

hexane/2-propanol. 

5 

EXAMPLE 140: 

N-[(l-{[2-(2,3-difluoiophenyl)cyclopropyllcarbonyl}piperidin-4- 

yl)methyl]-5-fluoropyrimidin-2-amine 



10 The title compovmd was prepared in a manner similar to that described 

for EXAMPLE 136 using 2,3-difluorocinnamic acid. 

NMR (400 MHz): 5 8.15 (s, 2H); 7.00 (m, 2H); 6.77 (brs, IH); 5.44 

(brs. IH); 4.65 (brs, IH); 4.14 (d, IH); 3.09 (t. IH); 2.59 (m, 2H); 2.05 (brs, IH); 1.89 

(m, 3H); 1.69 (brs, IH); 1.26 (m, 3H). 
15 M.S. (M+1): 391. 

EXAMPLE 141: 

(S.S) and (RJR) N-[(l-{ [2-(2.3- 
difluorophenyl)cycIopropyl]carbonyl}piperidin-4-yl)methyl]-5-fluon)pyrimidin-2- 

20 amine 




Separation of flie two enantiomers of N-[(l-{[2-(2,3- 
difluorophenyl)cyclopropyI]carbonyl}piperidin-4-yl)methyl]-5-fluoropyrimidin-2- 

amine was accomplished on a Chiralpak AD column, eluting with 0.1% diethylamine 

25 in hexane/2-pn)panol. 

EXAMPLE 142: 
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Benzyl4-{ ((5-fluoro-pyriinidin-2-yl)amino]methyl }piperidiine-l- 

caiboxylate 

O 



Step 1: 

5 2,4-dichloro-5-fluoropyriinidine 

CI-^N^Cl 

A stirred solution of 5-fluorouraciJ (15.0g, 0.1 ISmol), NJnF- 
dimethylaniUne (7.31inL, O.058mol) in POCU (107inL) was heated to reflux for Ih. 
The Inaction mixture was concentrated in vacuo and the residue quenched with ice 
10 (lOOg) at O'C. The solution was then extracted with ethyl ether (3 x 2G0niL). The 
combined ether layer was washed with aqueous saturated NaHCOs (lOOmL), water 
(lOOraL). brine (50mL), dried over Na2S04, filtered and concentrated to give the titie 
con^und. 

*H NMR (400 MHz,.CDCl3): 5 8.49 (s, 1 H, Ar). 

IS Step 2: 

2-Chloro-5-fluoropyrimidine (7) 



To a stirred, refluxing mixture of 2,4-dichloro-5-fluoropyrimidine 
(17.0g, 0.102mol) and zinc (lOOmesh. 20.0g, 0.305mol) in THF (lOOmL) was slowly 

20 added acetic acid (5.8mL, 0.102nK)l). The resulting reaction mixture was refluxed for 
3h, then cooled to RT. Solids were removed by filtration and the fUtrate concentrated 
in vacuo. The residue was chromatographed on siUca gel 60 (200g), eluting with 10- 
50% ethyl acetate in hexane to give the tiUe compound. 'H NMR (400 MHz, CDCI3): 
5 8.53 (s, 2 H, At). 

25 Step 3: 
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Benzyl 4-{ [(5-fluoro-pyriinidin-2-yl)anuno]inethyl}piperidine-l- 

caiboxylate 




A stirred mixture of benzyl 4-(aminomethyl)piperidine-l -carboxylate 
5 (EXAMPLE 13, STEP 1) (lO.Og, 0.040mol), 2-chloio-5-fluoropyrimidine (5.3g, 
0.040mol) and cesium carbonate (26.2g, O.OSlmol) in DMF (lOOmL) was heated at 
100°C for 2h. The reaction mixture was cooled to rt, diluted with ethyl acetate 
(400mL), washed with aqueous saturated NaHCOa (lOOmL), water (5 x lOOmL). and 
brine (50mL), dried over anhydrous Na2S04, filtered and concentrated. The residue 
10 was chromatographed on siUca gel 60 (0.5kg), eluting with 50-100% ethyl acetate in 
hexane to give the title compound. M.S. (M+1): 345. 

NMR (400 MHz. CDQa): 5 8.15 (s. 2 H, Pyr), 7.35 (m, 5 H. Ar). 
5.12 (s, 2 H, A1CH2). 4.21 (brs. 2 H. NCffj). 3.29 (t. 7 = 6.4 Hz. 2 H, NHCH2). 2.78 
(brs, 2 H, NCH2). 1.80 (m. 2 H. GH), 1.77 (m. 2 H. CHCH2CH2). 1.20 (m. 2 H. 
15 CHCH2CH2). 

EXAMPLE 143: 

5-Huoro-2-{ [(l-{ [(l/J,2/?)-2-phenylcyclopropyl]carbonyl)pipeiidin-4- 

yl)methyl]aniino)pyrimidine 




Stepl: 

5-Fluoro-A^-(piperidin-4-yhnethyl)pyrimidin-2-amine 
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A mixture of benzyl 4- { [(5-fluoropyrimidin-2- 
yl)anuno]methyl}piperidine-l-carboxyIate (EXAMPLE 142, STEP 3) (9.0g. 
0.026mol) and Pd/C (10%, 0.9g) in anhydrous methanol (250mL) was vigorously 
stirred under hydrogen atmosphere provided by a hydrogen balloon for 2h. The 

5 reaction mixture was filtered and the filtrate was concentrated to give the title 
compound. MS. (M+1): 211. 

•h NMR (400 MHz, CDCI3): 6 8.15 (s, 2 H, Pyr), 5.19 (s. 1 H. Nfl). 
3.27 (t, J = 6.3 Hz, 2 H. NHCH2CH), 3.11 (d. 7 = 9.1 Hz, 2 H. NHCfl^zCHi), 2.61 (t, J 
- 12.1 Hz, 2 H, NHCH2CH2). 1.77 (d, 7 = 12.7 Hz, 2 H, CH2CH2Cm, 1.73 (m, 1 H, 

10 Cfl). 1.24(m, 2 H, CH2CH2CH). 
St^ 2: 

5-Fluoro-2-{ ((l-{ [(l/?,2/?)-2-phenylcyclopropyl]caitonyl)pipeiidin-4- 
yl)methyl]aiiuno }pyrimidine 

15 A solution of 5-fluoro-//-(piperidin-4-ylmethyl)pyrimidin-2-amine 

(l.OOg, 4.76mmol), (l/f,2J?)-2-phenyIcyclopropanecarboxylic acid (T. Riley et al., J. 
MeeL Chenu, 15, 1187, 1972) (0.77g, 4.76mmol). EDC (1.37g, 7.13mmol) andHOBt 
(0.96g, 7.13mmol) in DMP (lOmL) was stirred at rt for 2h. The reaction mixture was 
diluted with ethyl acetate (200mL), washed with aqueous saturated NaHCCh (50mL), 

20 water (5 x 50naL), brine (20mL), dried over Na2S04. filtered and concentrated. The 
residue was chromatographed on silica gel 60 (90g), eluting with 10: 1-15:89-75 
CH2Cl2:2-propanol:hexane to give the title compotmd. M.S. (M+1): 355. 

'H NMR (400 MHz, CDCI3): 8 8.15 (s, 2 H. Pyr), 7.28 (t, J = 7.6 Hz, 2 
H, Ar), 7.19 (t, 7 = 6.6 Hz. 1 H. Ar), 7.10 (d. 7 = 7.4 Hz, 2 H, Ar), 5.15 (s, 1 H, Nfl), 

25 4.64 (d, 7 = 13.5 Hz, 1 H, NCft). 4.14 (d. 7 = 12.7 Hz, 1 H, NCff2). 3.30 (s. 2 H. 
CH2NH). 3.06 (q. 7 = 12.8 Hz. 1 H, NCH2), 2.62 (t, 7 = 12.1 Hz. 1 H, NCH2). 2.46 
(brs. 1 H, AiCfl). 1.98 (m, 1 H. CHCO), 1.87 (m. 1 H, CH2CWCH2), 182 (m, 2 H, 
CH2CH2CH), 1.65 (m. 1 H, CHCH2CH), 1.26 (m. 1 H. CHCHiOJ), 1. 21 (m. 2 H, 
CH2af2CH). 

30 

EXAMPLE 144: 
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Benzyl 4-{ [(5-methylpyrimidin-2-yl)ainino]methyl\piperidine-l- 

caiboxylate 

0 




Stepl: 




2-chloro-5-methylpyrimidine 

N 

To a stined, irfluxing mixture of 2,4-dichloro-5-methjapyriniidine 
[1780-31-O](Sigma-Aldrich) (40.0& O^Smol) and zinc (lOOmesh. 48.1g, 0.736mol) 
in THF (250niL) was slowly added acetic acid (14.0mL. 0.245naol). The resulting 
10 reaction mixture was lefluxcd for 3h, then cooled to RT. The soUds were removed by 
fUtration and the filtrate concentrated in vacuo. The residue was chromatographed on 
silica gel 60 (0.5kg), elating with a gradient of 10-50% ethyl acetate in hexane to give 
the title compound. M.S.G^+1): 129. 

'H NMR (400 MHz, CDQa): 5 8.47 (s. 2 H. Ar), 2.32 (s. 3 H. Cft). 

IS Step 2: 
carboxylate 



Benzyl 4-{ [(5-raethylpyrimidin-2-yl)amino]methyl}piperidine-l- 



A stirred mixture of benzyl 4-(aminomethyl)piperidine-l-carboxylate 
20 (EXAMPLE 13, STEP l)(20.0g, O.OSlmol), 2-chloro-5-methylpyrimidine (10.4g, 
O.OSlmol) and cesium carbonate (52.5g, 0.161mol) in DMF (200mL) was heated at 
150°C for 6h. The reaction mixture was cooled to rt, diluted with ethyl acetate 
(700mL), washed with aqueous saturated NaHCCb (200mL), water (5 x 200mL), and 
brine (lOOmL), dried over anhydrous sodium sulfate, filtered and concentrated. The 
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residue was chromatographed on silica gel 60 (1kg). eluting with 50-100% ethyl 
acetate in hexane to give the title compound. M.S. (M+1): 341. 

'H NMR (400 MHz, CDCI3): 5 8.11 (s, 2 H, Pyr), 7.35 (m. 5 H. At). 
5.12 (s. 2 H. ArCiJi). 5.00 (s. 1 H. Nfl). 4.20 (bra. 2 H. NCH2). 3.31 (t, / = 6.3 Hz. 2 
5 H. NHCH2). 2.77 (brs. 2 a NCfli). 2.12 (s, 3 H. CH3), 1.78 (m, 1 H. CH), 1.77 (m. 2 
H. CHCH2CH2), 1.20 (m, 2 H, CHCH2CH2). 

EXAMPLE 145: 

5-Methyl-2-{ [(l-{[(l/i,2R)-2-phenylcyclopropyl]caibonyl}piperidin-4- 

10 yI)inethyl]ainino}pyriimdine 
Step 1: 

5-Methyl-A^(piperidin-4-yliiiethyl)pyriinidin-2-aniine 

15 A mixture of benzyl 4-{ [(5-methylpyrimidin-2- 

yl)amino]inethyI}piperidine.l-catboxylate (EXAMPLE 144) (13.0g, 0.038mol) and 
Pd/C (10%. 1.3g) in anhydrous methanol (SOOmL) was vigorously stirred under a 
hydrogen atmosphere provided by a hydrogen balloon for 6h. The reaction mixture 
was filtered and the filtrate was concentrated to give 5-methyl-iV-(piperidin-4- 

20 ylmethyl)pyrimidin-2-aniine. M.S. (M+1): 207. 

'H NMR (400 MHz, CDCI3): 6 8.11 (s, 2 H), 5.10 (s, 1 H), 3.30 (t. /= 
6.4 Hz. 2 H). 3.20 (d, /= 12.3 Hz. 2 H), 2.65 (dt. 7 = 12.3 & 2.6 Hz. 2 H). 2. 12 (s, 3 
H), 1.82 (d. y = 13.5 Hz. 2 H). 1.77 (m. 1 H). 1.31(q d. 7= 12.1 & 3.7 Hz, 2 H). 
Step 2: 

25 5-Methyl-2-{ [(l-{ [(l/?,2R)-2-phenylcyclopropyl]carbonyl}piperidin-4- 

yl)methyl]amino }pyrimidine 
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A solution of 5-methyl-N-(piperidin-4-ylmethyl)pyrimidin-2-amine 
(S.OOg, 0.024mol), (l/?,2/?)-2-phenylcyclopropanecari)oxyUc acid (T. Riley et al., 7. 
Me± Chem., (1972), 15, 1187) (3.93g, 0.024inol), EDC (6.97g. 0.036mol) andHOBt 

5 (4,91g. 0.036mol) in DMF (50mL) was stined at RT for 2h. The reaction mixture 
was diluted with ethyl acetate (400mL), washed with aqueous saturated NaHCOs 
(lOOmL), water (5 x lOOmL), brine (5(hnL), dried over anhydrous sodium sulfate, 
filtaed and concentrated. The residue was chromatogrqphed on silica gel 60 (400g), 
eluting with 50-100% ethyl acetate in hexane to give 5-methyl-2-{t(l-{[(l/?,2iO-2- 

10 phenylcyclopropyl]caibon^}piperidin-4-yl)methyl]aniino}pyrimidine. M.S. (M+1): 

351. 

»H NMR (400 MHz, CDCI3): 5 8.11 (s, 2 H), 7.28 (t, J = 7.0 Hz, 2 H), 
7.19 (t, 7 = 7.2 Hz. 1 H), 7.11 (d, 7= 7.6 Hz, 2 H), 5.01 (s, 1 H). 4.63 (d. 7 = 12.1 Hz, 
1 H), 4.13 (d. 7 = 13.2 Hz, 1 H). 3.31 (s. 2 H), 3.05 (q, 7 = 12.2 Hz, 1 H), 2.62 (t. 7 = 
15 12.5 Hz, 1 H), 2.46 (brs, 1 H). 2.12 (s. 3 H), 1.97 (s. 1 H). 1.86 (m. 1 H). 1.81 (d, 7 =» 
13.3 Hz. 2 H). 1.64 (s, 1 H). 1.26 (s. 1 H). 1.22 (m. 2 H). 

EXAMPLE 145A: 

5-Methyl-2-{[(l-{[(l/?,2i?)-2-phenylcyclopiopyl]carbonyl)piperidin-4- 

20 yl)methyl]amino}pyiimidinium chloride 




5-Methyl-2.{[(l-{[(li?.2/?)-2-phenylcyclopropyl]cari3onyl}piperidin-4- 
yl)raetiiyl]aniino}pyrimidine (6.81g. 19.4mmol) (EXAMPLE 145) was dissolved in 
25 EtOH (400mL) aiid IM HCl in ether (19.4mL. 19.4 mmol) added. The solution was 
then concentrated and the residue was crystalUzed from 30% 2-propanol in ether 
(lOOmL) to give the title compound. Melting Point 157.5 "C. 

M.S. (M+1): 351. 
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•H NMR (500 MHz. CD3OD): 5 8.42 (s, 2 H). 7.25 (m. 2 H). 7.17 (m, 
1 H). 7.14 (m. 2 H). 4.55 (d, / = 12.9 Hz. 1 H). 4.26 (m. 1 H). 3.38 (m. 2 H). 3.14 (q. 
/ = 12.9 Hz. 1 H), 2.69 (t. 7 = 12.1 Hz. 1 H). 2.33 (m. 1 H). 2.24 (s. 3 H). 2.19 (brs, 1 
H). 1.97 (m. 1 H). 1.82 (d, J = 12.9 Hz. 2 H), 1.53 (m, 1 H). 1.29 (m. 1 H). 1. 17 (m, 2 
H). 

EXAMPLE 146: 

5-Methyl-N-[(l-{[2-(5-mfethylthien-2-yl)cyclopropyllcaibonyl} 

piperidin-4-yl)meAyl]pyriimdin-2-aniine 




Step 1; 

tert-Butyl(2E)-3-(5-methylthien-2-yl)prop-2-enoate 

To a solution of tert-butyl diethylphosphonoacetate (1.12ii)L, 
15 4.76mmol) in THF (5mL) at -78 »C was added LHMDS (1 .OM in THF, 4.76niL, 
4.76mmol). After 5min at -78 "C 5-m6thyl-2-thiophene-cart)oxaldehyde (0.43mL. 
3.96nunol) was added. The reaction inixtuie was warmed to RT, stirred for lOmin 
and poured onto EtOAc/HjO. The layers were separated and the organic layer was 
washed with H2O. dried over Na2S04. fUtered and concentrated. The residue was 
20 chromatographed on siUca (gradient dution; hexanes to 4:1 hexanes:EtOAc) to give 
te/t-butyl (2E)-3-(5-methylthien-2-yl)prop-2-cnoate as a clear oil. 
Step 2: 

teft-Butyl 2-(5-methylthien-2-yl)cyclopropanecarboxylate 
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tert'Bulyl (2E)-3-(5-methylthien-2-yl)prop-2-enoate was 
cyclopropanated according to the procedure described for EXAMPLE 136, STEP 2, 
providing, after chromatography, tert-butyl 2-(5-methylthien-2- 
yl)cyclopropanecaiboxylate. 
Step 3; 

2-(5-Methylthien-2-yl)cyclopropanecarboxylic acid 



To a solution of fert-butyl 2-(5-methyIthien-2- 
yl)cyclopropanecaiboxylate (100 mg, 0.42 mmol) in CH2CI2 (3 mL) atRT was added 
10 tiifluoroacetic acid (1 mL). The reaction mixture was stined at RT for 10 min and 
concentrated in vacuo. The crude 2-(5-methylthien-2-yl)cyclopropanecaiboxylic add 
was used without furtho: purification. M.S. ^+1) 1 82 
Step4: 

5-Methyl-N-[(l-{ [2-(5-methylthien-2-yl)cyclopropyl]carbonyl } 
15 piperidin-4-yI)methyl]pyrimidin-2-aniine 




2-(5-Methylthiai-2-yl)cyclopropanecaiboxylic add was coupled to 
amine 5-methyl-Ar-(piperidin-4-ylmefliyl)pyrimidin-2-amine (EXAMPLE 144, STEP 
3) according to the procedure described for EXAMPLE 144, STEP 4, providing, 
20 after chromatography, 5-methyl-N-[(l-{ [2-(5-methylthien-2-yl)cydopropyl]carbonyl} 
piperidin-4-yl)methyl]pyrimidin-2-amine. M.S.^+1): 371. 

EXAMPLE 147: 

N-[(4-fluoro-l-{[(lR,2R)-2-phenylcyclopropyl]carbonyl}piperidin-4- 



25 yl)methyl]-5-methylpyriinidin-2-amine 
Stepl: 
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tert-Butyl l-oxa-6-a2aspiro[2.5]octane-6-carboxylate 

. To a solution of tet-butyl ^-oxopiperidine-l-caiboxylate (O.SOg. 
2.51nunol) in THF/DMF (2:1, 6niL) at 60 °C was added trunethylsulfoxonium iodide 

5 (0.58g. 2.63mmol) and sodium t-butoxide (0.25g, 2.63inmol). The reaction mixture 
was stined at 60 "C for 30min, cooled to RT and concentrated. Water was added and 
the mixture was extract with EtOAc twice. The combined organics were dried over 
Na2S04, filtered and concentirated. Purification on silica gel (3:1, hexanes:EtOAc) 
gave tert-butyl l-oxa-6-azaspiro[2.5]octane-6-carboxylate as a clear oil that solidified 

10 upon standing. 

Step 2: 

Benzyl 4-fluoro-4-(hydroxymethyl)piperidine-l-carboxylate 

15 To a solution of tert-butyl 4-oxopiperidine-l-carboxylate (7.0g, 

32.8nunol) in CH2CI2 (UmL) at -10 "C was added HF-pyridine (11.6mL, 82.1mmol) 
portionwise. The reaction mixture was stirred for lOmin at -10 **C, warmed to RT. 
After stirring for 16h, the reaction was quenched with aqueous NaCOa, and extiracted 
with CH2CI2. The aquoues layer was concentrated to a white paste that was 

20 suspended in CH2CI2 (lOOmL). N-benzyloxycarbonyloxysuccinimide (8.2g, 

32.8mmol) was added and the mixure was stirred at RT for 3h. The reation mixture 
was partitioned between EtOAc and H2O, tiie organic layer was dried over Na2S04, 
filitered and concentrated. Purification on silica gel (10:1 to 1:1 hexanes:EtOAc) 
gave benzyl 4-fluoro-4-(hydroxymetiiyl)piperidine-l-carboxylate as a clear oil. M.S. 

25 (M-i-1): 268 
Step 3: 

Benzyl 4-fluoro-4-{ [(methylsulfonyl)oxy]methyl }piperidine-l - 

carboxylate 
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To a solution of benzyl 4-fluoro-4-(hydroxymethyl)piperidine-l- 
carboxylate (l.Og. 3.7nimol) in CH2CI2 (lOmL) at RT was added methanesulfonyl 
chloride (0.29niL, 3.7mmol) and triethylamine (1.04mL. 7.5nimol). The reaction 
5 mixture was stirred at rt for 5min, and partitioned between etiiyl acetate and water. 
The organic layer was dried over Na2S04, filtered, concentiated and purified on siUca 
gel (10:1 to 1:2 hexanes:EtOAc) to give benzyl 4-fluoro-4- 
{ [(metiiylsulfonyl)oxy]methyI}piperidine-l-caiboxylate. M.S. (M+l): 346 

Step 4: 

JO Benzyl 4-(azidomethyl)-4-fluoropiperidine-l-carboxylate 




To a solution of benzyl 4-fluoro-4- 
{((methylsulfonyl)oxy]methyl}piperidine.l-carboxylate (1.3g, 3.7mmol) in DMF 
(lOmL) at RT was added NaNa (2.4g, 37.0mmol). The reaction mixnire was heated to 
15 1 10 "C and stirred for 60h, cooled and partitioned between EtOAc and H2O. The 
organic layer was dried over NajSOA, filtered, concentrated and purified on siUca gel 
(10:1 to 1:2 hexanes:EtOAc) to give benzyl 4-(a2idomethyl)-4-fluoropiperidine-l- 
carboxylate. (0.86 g, 80% yield). M.S. (M+l): 293 
Step 5: 

20 Benzyl 4-(aniinomethyl)-4-fluoropipaidine-l-caiboxylate 



To a solution of benzyl 4-(azidomethyl)-4-fluoropiperidine-l- 
carboxylate (1.5g. S.lnunol) in THF (lOmL) at RT was added water (0.92mL. 
0.92mmol) and triphenylphosphine (4.3g. 15.4mmol). The reaction mixture was 
25 stirred for 60h. concentrated, dissolved in HQ (IM) and extracted with Et20 four 
times. The aqueous layer was basified to pH 11 and extracted with EtOAc twice. The 
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20 




organic layer was dried over Na2S04, filtered and concentrated. The crude mixture 
was chromatographed on silica gel (CH2CI2 to 80:20:2 CH2Cl2:MeOH:NH40H) to 
give benzyl 4-(aminomethyl)-4-fluoropiperidine-l-carboxylate. M.S. (M+1): 267 
Step 6: 

5 N-[(4-fluoro-l-{ [(lR,2R>2-phenylcyclopropyl]carbonyl}pipeiidin-4- 



yl)incthyl]-5-inethylpyriinidin-2-aimne 



Benzyl 4-(aininomethyl)-4-fluoropiperidine-l-carboxylate was coupled 
to 2-chlroro-5-methylpyrimidine, deprotected and coupled to (lR,2R)-2- 
phenylcyclopropanecarboxylic acid according to the procedure described for 
10 EXAMPLE 144, STEPS 2,3,4, providing, after chromatography, N-I(4-fluoro-l- 
{[(lR,2R)-2-phenylcyclopropyl]caibonyl}piperidin-4-yl)methyl]-5-methylpyrimidin- 

2-amine. M.S.(M+1): 369. 
EXAMPLE 148: 

15 4-[(4,5-Dimethyl-pyriimdin-2-ylamino)-methyl]-piperidine-l- 
carboxylic acid benzyl ester 



Stepl: 

2-Chloro-4,S-dimethylpyrimidine 



To 2-chloro-5-methylpyrimidine (EXAMPLE 144, STEP l)(0.50g, 
0.00389mol) in diethyl ether (12mL) at -30°C and under nitrogen was added dropwise 
1 .4M methyllithium (2.90mL, 0.00405mol) and the reaction allowed to stir at -30°C 
for 30min and at 0°C for 30min. The reaction was quenched with a solution of acetic 
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acid (0.242inL), water (0.039niL, and THF (O.SmL) and then a solution of DDQ 
(0.92g, 0.00405mol) in THF was added The reaction was stirred Smin at rt, recooled 
to O^^C and 3N sodium hydroxide added. The reaction was allowed to stir at O^'C for 
30min after which a thick oily precipitate formed. The organic supernatant was 
5 decanted and the residue washed with diethyl ether (2 x 20mL). The organic layers 
were dried over sodium sulfate, filtered through a pad of silica and the silica pad 
washed with diethyl ether. The filtrate was concentrated in vacuo to give the title 
compound as an oil. M.S.(M+1): 143. 

'H NMR 400 MHz (8, CDClj) 8: 2.22(s, 3H). 2.44(s, 3H), 8.27(s, IH). 

10 Step 2: 

4-[(4.5-Dimethyl-pyrimidin-2-ylamino)-methyl]-piperidine-l- 
caiboxylic acid benzyl ester 




The above compound was prepared in a manner similar to that utilized 
15 for the preparation of EXAMPLE 144, STEP 2 using 2-chloro-4,5- 

dimethylpyrimidine in place of 2-chloro-5-methylpyiimidine, to give the title 
compound. M.S.(M+1): 355. 

EXAMPLE 149: 

20 4-[(4,5-Dimethyl-pyiimidin-2-ylarmno)-methyl]-pipeiidine-l- 
carboxylic acid 4-methyl-ben2yl ester 
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The title compound was prepared ficom 2-chloro-4,5- 
dimethylpyrimidine (EXAMPLE 148, STEP 1) and INTERMEDUTE 2A as 
described in a maimer similar to that described in EXAMPLE 144, STEP 2 to give 
5 the tide compound. M.S.CM+1): 369 

The following EXAMPLES 150-152 were prepared from 4-[(4,5-dimethyl- 
pyrinudin-2-ylamino)-methyl]-piperidine-l-carboxylic acid benzyl ester (EXAMPLE 
148) by hydrogenation of the CBZ group as described in EXAMPLE 145, STEP 1, 
10 followed by coupling with the appropriate acid as described in EXAMPLE 145, 
STEP 2 

EXAMPLE 150: 



Trans {4-[(4,5-Dimethyl-pyrimidin-2-ylamino)-methyl]-pipKidin-l- 
15 yl}-(2-phenyl-cyclopropyl)-methanone 




M.S.(M+1): 365. 



20 



EXAMPLE 151: 

{4-((4,5-Dimethyl-pyrimidin-2-ylamino)-methyl]-piperidin-l-yl }-[2- 

(2-fluoio-ph«iyl)-cyclopropyl]-methanone 
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M.S.(M+1): 383. 



EXAMPLE 152: 

5 {4-[(4,5-Dimethyl-pyriinidin-2-ylamino)-methyll-pip«idin-l-yl}-[2- 
(2,6-difluoK)-phenyl)-cyclopropyl]-methanone 




M.S.(M+1): 401. 

10 EXAMPLE 153: 

5-bromo-N-[(l-{[(l/f,2R)-2-phenylcycloprDpyl]caibonyl}piperidin-4- 

yl)methyl]pyrimidin-2-ainine 




Step 1: 

15 [i-(2-Phenyl-cyclopropanecaAonyl)-piperidin-4-ylmethyl]-caibaniic 
acid tot-butyl ester 
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A mixture of tert-butyl piperidin-4-ylmethylcaibamate (Epsilon, 0.80g, 
3.73inmol). (l/?,2i?)-2-phenylcyclopropanecarboxylic acid (T. Riley eta al, J. Med. 
Chem., 15, 1187. 1972) (0.61g. 3.73mmol). EDC (1.07g. 5.60inmol) andHOBt 
(0.76g, 5.60mmol) in DMF (lOmL) was stined at RT for 2h. The reaction mixture 
5 was diluted with ethyl acetate (200mL), washed with aq. sat. NaHCOs (50mL). water 
(5 X 50mL), brine (50mL), dried over Na2S04, filtered and concentrated. The residue 
was chromatographed on siUca gel 60 (90g), eluting with 10:1-10:89-80 CHjCV-^- 
propanolrhexane to give the title compound. (1.22 g. 91.0 %). M.S. (M+1): 359. 
Step 2: 

10 (l-{ [(l/i,2J?)-2-phenylcyclopropyl]caibonyl}piperidin-4- 

yl)methylaiiune 




A solution of rert-butyl (l-{ [(li?,2i?)-2- 
phenylcyclopropyl]carbonyl)piperidin-4-yl)methylcarbamate (l.OOg, 2.79mmol) in 
15 TFA (3niL) and CH2CI2 (3mL) was stirred at R.T. for 0.5h. The reaction mixture was 
then concentrated to give the title compound as a trifluoroacetate salt 
Step 3: 

5-bromo-A^[(l-{ [(lJ?,2R)-2-phenylcyclopropyl]carbonyl}piperidin-4- 
yl)inethyl]pyrimidin-2-amine 

20 

A mixture of (l-{[(1^.21^>2-phenylcyclopropyl]carbonyl}piperidin-4- 
yl)methylamine trifluoroacetate salt (l.OOg, 2.69mmol), 5-bromo-2-chloro-pyrimidine 
([32779-36-5], 0.5 19g. 2.69nunol) and cesium carbonate (1.75g, 5.37mmol) in DMF 
(7mL) was heated at lOO'C for 1.5h. The reaction mixture was cooled to RT, diluted 
25 with ethyl acetate (200mL), washed with water (5 x 20mL), and brine (lOmL), Uira 
dried over Na2S04, filtered and concentrated. The residue was chromatographed on 
sUica gel 60, eluting with 10: 1-20:89-70 CH2Cl2:2-propanol:hexane to give the titie 
compound. (0.31 g. 28.1 %). M.S. (M+1): 416. 
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•h NMR (400 MHz, CDCI3): 5 8.26 (s. 2 H, Pyr). 7.28 (t. J = 7.3 Hz, 2 
H. At), 7.19 (t, J = 7.7 Hz. 1 H, Ar), 7.11 (d. J = 7.6 Hz, 2 H, Ar), 5.21 (s, 1 H. Nii), 
4.64 (d, 7 = 11.9 Hz, 1 H, NCH2), 4.13 (d, 7 = 12.9 Hz, 1 H. NC//2). 3-31 (s. 2 H. 
NHCH2), 3.05 (q, 7 = 12.6 Hz, 1 H. NCH2). 2.62 (t, 7 = 12.3 Hz, 1 H, NCHj), 2.46 
5 (brs, 1 H, ArCfl). 1-98 (m. 1 H. CHCO). 1.87 (m. 1 H. CH2CHCH2). 1.80 (d, 7 = 13.1 
Hz, 2 H. CHCH2CH2). 1.65 (s, 1 H, CHCHjCH), 1.25 (s, I H, CHCHjCH). 1.21 (m. 2 
H, CHCH2CH2). 

EXAMPLE 154: 

10 Ar-[(l-{ [(l/i,2/?)-2-Phenylcyclopropyl]carbonyl }piperidin-4- 

yl)meAyl]-5-[(triinethyl8ilyl)ethynyl]pyrimidin-2-amine 




A mixture of 5-bromo-iV-[(l-{ [(l/?,2R)-2- 
phenylcyclopropyljcarbonyl )piperidin-4-yl)methyl]pyriimdin-2-amine (EXAMPLE 

15 153) (0.300g, 0.722inmol), trimethylsilylacetylene ( 0. 177g, 1 .8 Immol), Pd(PPh3)4 
(0.083g, 0.072imnol), and copper iodide (0.007g, 0.036mmol) in DMSO (ImL) and 
diethylamine (ImL) was heated in a sealed tube at 100°C for 3h. The reaction mixture 
was cooled to RT, diluted with ethyl acetate (50mL), washed with water (lOmL), and 
brine (lOmL), then dried over Na2S04, filtered and concentrated. The residue was 

20 chromatographed on siUca gel 60 (35g), eluting with 10:1-10:89-80 CH2Cl2:2- 
piopanohhexane to give the title compound. 

EXAMPLE 155: 

5-Ethynyl-7V-[(l-{[(li?,2/?)-2-phenylcyclopropyl]caibonyl}piperidin-4- 

25 yl)methyl]pyrimidin-2-amine 




A mixture of ^r-[(l-{[(l/^,2R)-2- 
phenyIcyclopropyl]carbonyl}piperidin-4-yl)methyl]-5- 
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[(trimethylsilyl)ethynyl]pyriinidin-2-ainine (EXAMPLE 154) (0.200g, 0.462nunol) 
and potassium carbonate (0.128g, 0.924mmol) in methanol (3mL) was stined at RT 
for 0.5h. The reaction mixture was concentrated in vacuo, diluted with ethyl acetate 
(50mL), washed with water (20mL), and brine (lOmL), then dried overNa2S04. 
5 filtered and concwitrated. The residue was chromatographed on silica gel 60 (35g), 
eluting with 10:1-20:89-70 CH2a2:2-propanol:hexane to give the title compound. 

M.S. (M+1): 361. 

'H NMR (400 MHz, CDCI3): 8 8.37 (s. 2 H, Pyr), 7-28 (t, / = 7.1 Hz, 2 
H. At), 7.19 (t. 7.0 Hz. 1 H, Ar). 7.11 (d, 7 = 7.4 Hz, 2 H, Ar). 5.38 (s. 1 H, Nfl). 
10 4.65 (d, 7 = 12.6 Hz, 1 H. NCf/2). 4.14 (d. J = 14.1 Hz. 1 H. NCH2), 3.36 (m. 2 H, 
NHCH2). 3.17 (s, 1 H. CCm, 3.05 (q. J = 12.2 Hz. 1 H. NCi/2), 2.62 (t. J = 12.5 Hz, 
1 H. NCH2). 2.46 (brs, 1 H, ArC/0. 1-97 (m, 1 H, CHCO). 1.86 (m. 1 H, 
CH2CHCH2), 1.80 (d. J= 12.5 Hz. 2 H, CHCH2CH2). 1.65 (m, 1 H, CHCHjCH). 1.26 
(m. 1 H. CHCff2CH). 1.23 (m. 2 H. CHCH2CH2). 

15 

EXAMPLE 156: 

2-{[(l-{[(li?.2/?)-2-phenylcyclopropyl]caibonyl}piperidin-4- 

yI)methyl]amino}pyrimidine-5-carbonitrile 




20 Step 1: 

4-chloro-2-(inethylthio)pyrimidine-5-carbonitrile 




A stirred solution of 4-hydroxy-2-(methylthio)pyrimidine-5- 
caibonitrile (British patent GB901749) (l.OOg, 5.98mmol) in POCla (5mL) was 
25 heated to reflux for 2h. The reaction mixture was concentrated in vacuo and the 

residue quenched with ice (lOOg). The solution was then basified to pH 8 with sat. aq 
NaHCOs and extracted with ethyl acetate (3 x 50mL). The combined ethyl acetate 
layers were washed with water (20mL), brine (lOmL), dried over Na2S04, filtered and 
concentrated to give the title compound. 
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Step 2: 



*H NMR (400 MHz. CD3OD): 6 8.84 (s, 1 H, Ar), 2.62 (s, 3 H, Ci/3) 
2-(Methylthio)pyriinidine-5-carbonitrile 



5 To a stined mixture of 4-chloro-2-(methylthio)pyrimidine-5- 

carbonitrile (0.843g. 4.54imnol) and zinc dost (L48g, 22.71mmol) in ethanol (7.5mL) 
and water (1.4inL) was slowly added acetic acid (0.29mL. 5.13mmol). The resulting 
reaction mixture was vigorously stirred for 3h. The solids were removed by filtration 
and the filtrate concentrated in vacuo. The residue was chromatographed on silica gel 

10 60 (35g), eluting with 10: 1-20: 89-70 CH2Cl2:2-pn>panol:hexane to give the title 
compound. M.S. (M+1): 152. 

NMR (400 MHz, CDCI3): 5 8.72 (s, 2 H. Ar), 2.61 (s, 3 H. CHi). 

Step 3: 

2-{ [(l-{ [(l/?;2J?)-2-Phenylcyclopropyllcarbonyl}piperidin-4- 
15 yl)methyl]amino}pyrimidine-S-carbonit[ile 




A mixture of (l-{ [(l/?,2i?)-2-phenylcyclopropyl]cait>onyl}pipetidin-4- 
yl)methylaniine (EXAMPLE 153, STEP 2) (O.lOOg, 0.387minol). 2- 
(methylthio)pyrimidine-5-carbonitrile (0.059g, 0.387inmol) and cesium carbonate 

20 (0.252g, 0.774mmol) in DMF (ImL) was heated at 70*'C for Ih. The reaction mixture 
was cooled to RT, diluted with ethyl acetate (50mL), washed with water (5 x lOmL), 
and brine (lOmL), flien dried over Na2S04, filtered and concentrated. The residue 
was chromatographed on a reversed phase column, running 5 - 95% 0.1%TFA in 
CH3CN/0.1%TFA in water to give the title compound as a TFA salt. M.S. (M+1): 

25 362. 

'H NMR (400 MHz, CDCI3): 8 8.52 (s. 1 H, Pyr), 8.45 (s. 1 H. Pyr), 
7.28 (UJ= 7.9 Hz. 2 H. Ar). 7.20 (t. J = 6.6 Hz. 1 H. Ar). 7.11 (d. / = 7.3 Hz. 2 H. 
Ar). 5.78 (s. 1 H. NH). 4.66 (d. / * 12.2 Hz. 1 H. NCH2). 4.15 (d, / = 13.1 Hz. 1 H, 
NCH2). 3.41 (m, 2 H. NHCffj). 3.06 (q. J = 12.4 Hz. 1 H. NCH2). 2.62 (t. J = 12.7 
30 Hz. 1 H. NCH2), 2.47 (brs. 1 H, AiCH). 1.96 (m. 1 H, CHCO). 1.91 (m. 1 H. 



-169- 



wo 02/068409 



PCTAIS02/05226 



CH2CHCH2). 1.80 (d, J = 13.2 Hz. 2 H, CHCH2CH2). 1.65 (s. 1 H. CHCHjCH). 1.27 
(s. 1 H, CHC//2CH), 1.25 (m. 2 H. CYLCH2CB1). 

EXAMPLE 157: 

5-Ethyl-N-[(l-{[(lii,2l?)-2-phenylcyclopropyl]cart»onyl}piperidin-4- 

yl)methyl]pyrimidin-2-ainine 



The stirred reaction mixture of (l-{[(l/?,2/J)-2- 
phenylcyclopropyl]caibonyl}piperidin-4-yl)methylamine (EXAMPLE 154, STEP 2) 

10 (O.lOOg, 0.387inmol), 2-chloro-5-ethyl-pyriinidine ([1 11196-81-7], 0.055g, 

0.387iiimol) and cesium carbonate (0.252g, 0.774mmol) in DMF (5mL) was heated at 
150*'C for 7h. The reaction mixture was cooled to RT, diluted with ethyl acetate 
(lOOmL), washed with water (5 x 20mL), and brine (lOmL), then dried over Na2S04, 
filtered and concentrated. The residue was chromatographed on silica gel 60, eluting 

15 with 10: 1-20:89^70 CH2Cl2:2-pft>panol:hexane to ^ve the title compouiid. M.S. 
(M+1): 365. 

NMR (400 MHz, CDCI3): 8 8.13 (s, 2 H, Pyr), 7.28 (t, /= 6.6 Hz, 2 
H, Ar), 7.19 (t, J = 7.2 Hz. 1 H, Ar), 7.11 (d. 7 = 7.3 Hz. 2 H. Ar). 5.05 (s. 1 H, NH). 
4.64 (d. 7 = 12.9 Hz. 1 H, NC//2), 4.14(d, J = 12.8 Hz. 1 H, NCi/2), 3.32 (s. 2 H. 
20 NHCH2). 3.05 (q, J = 12.5 Hz. 1 a NC//2). 2.62 (t, J = 12.6 Hz. 1 H. NCZ/j). 2.46 (q. 
/= 7.5 Hz. 2 H, CH2CH3), 2.43 (brs. 1 H. ArCfl). 1.97 (m. 1 H, CHCO), 1.86 (m. 1 

H. CH2CHCH2), 1.82 (d, J = 13.5 Hz, 2 H. CHCH2CH2). 1.64 (m, 1 H, CHCH2CH). 

I. 26 (m. 1 H. CHOyjCH). 1.22 (m. 2 H. CHCH2CH2), 1.19 (t. / = 7.6 Hz. 3 H, 
CH3CH2). 

25 

EXAMPLE 158: 

5-(Cyclopropylethynyl)-iV-[(l-{[(l/?.2R)-2- 
phenylcyclopropyl]carbonyI}piperidin-4-yl)njethyl]pyriinidin-2-aniine 
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A mixture of 5-bK)mo-JV-[(l-{ [(l/?.2/?)-2- 
phenylcyclopropyl]carbonyl }piperidin-4-yl)methyl]pyrimidin-2-anun^ (EXAMPLE 
153) (O.OSOg. 0.120mmol), ethynylcyclopropane ( 0.020g, 0.301inmol). Pd(PPh3)4 
(0.014g. 0.012inmol). copper iodide (O.OOlg, 0.006nunol) in DMSO (ImL) and 

5 diethylamine (ImL) was heated in a sealed tube at lOCC for 3h. The reaction mixture 
was cooled to RT, diluted with ethyl acetate (50mL). washed with water (lOmL). and 
brine (lOmL), then dried over Na2S04, filtered and concentrated. The residue was 
chromatographed on a reverse phase column, running 5 - 95% 0.1%TFA in 
CH3CN/0.1%TFA in water to give the title compound as a TFA salt. MS. (M+1): 

10 401. 

NMR (400 MHz, CDCI3): 5 8.56 (s, 1 H, Pyr). 8.02 (s, 1 H, Pyr). 
7.28 (t. 7 = 7.4 Hz. 2 H. Ar), 7.20 (t. 7 = 7.2 Hz, 1 H. Ar), 7.1 1 (d. 7 = 7.5 Hz. 2 H. 
Ar), 4.64 (d, 7 = 13.0 Hz, 1 H. NCHa). 4.15 (d. 7 =11.7 Hz. 1 H, NCH2). 3.50 (s, 1 H, 
NHCft). 3.41 (s. 1 H, NHCH2). 3.07 (q. 7 = 12.8 Hz, 1 H, NCH2), 2.64 (t. 7 = 12.7 
15 Hz. 1 H. NCH2). 2.47 (brs. 1 H. ArCH). 1.98 (m. 1 H. CHCO). 1.92 (m. 1 H, 
CH2CHCH2), 1.79 (d, 7 = 13.6 Hz. 2 H. CHCH2CH2). 164 (s, 1 H. CHCH2CH), 1.44 
(m. 1 a CCCfl). 1.28 (m, 1 H, CHCtfjCH), 1.26 (m, 2 H, CHCiy2CH2), 0.83 (m, 4 
H,Cff2). 

20 EXAMPLE 159: 

N-[il-{ [(li?,2/?)-2-Phenylcyclopropyl]carbonyl }piperidin-4- 

yl)methyl]-5-(phenylethynyl)pyrimidin-2-amine 

A mixture of 5-bromo-iV-[(l-{[(l/?,2/?)-2- 

25 phenylcyclopropyl]caibonyl}piperidin-4-yl)methyl]pyrimidin-2.amine (EXAMPLE 
153) (0.200g, 0.482mmol). ethynylbenzene ( 0.123g, 0.132mmol), Pd(PPh3)4 (0.056g, 
0.048mmol), and copper iodide (0.005g. 0.024mmol) in DMSO (ImL) and 
diethylamine (ImL) was heated in a sealed tube at lOO'C for 3h. The reaction mixture 
was cooled to RT. diluted with ethyl acetate (50tnL). washed with water (lOmL), and 

30 brine (lOmL). then dried over Na2S04. filtered and concentrated. The residue was 
chromatographed on a reversed phase column, running 5 - 95% 0.1%TFA in 
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CH3CN/0.1%TFA in water to give the title compound as a TFA salt. MS. (M+1): 
437. 

NMR (400 MHz, CDCI3): 5 8.50 (brs, 2 H, Pyr), 7.50 (m. 2 H. Ar). 
7.38 (m. 3 H. Ar), 7.28 (t, 7= 7.9 Hz, 2 H, Ar), 7.20 (t, 7= 7.3 Hz, 1 H. Ar). 7.11 (d, 7 
5 = 7.5 Hz, 2 H. Ar), 4.66 (d, 7 = 11.7 Hz, 1 H, NCi^z). 4.16 (d. 7 = 13.2 Hz, 1 H. 
NCH2). 3.46 (m. 2 H, NHCH2), 3.10 (m, 1 H. NCH2). 2.64 (t. 7 = 11.9 Hz. 1 H. 
NCH2). 2.47 (brs, 1 H, AiCH). 1.97 (m, 1 H. CHCO). 1.93 (m, 1 H. CH2CHCH2). 
1.81 (d, 7 = 11.5 Hz. 2 H. CHCH2CH2). 1.65 (brs. 1 H. CHCHzCH), 1.28 (m, 1 H. 
CHCH2CH). 1.25 (m. 2 H. CHCH2CHa). 

10 

EXAMPLE 160 TO EXAMPLE 180 

The foUowing examples were prepared by coupUng the appropriate 
amine (EXAMPLE 143, STEP 1, EXAMPLE 145, STEP 1. or piperidin-4- 
ylmethyl-pyrimidin-2-yl-amine which was prepared in a manner similar to that 
15 described for EXAMPLE 143, STEP 1, replacing 2-chloro-5-methylpyrimidine with 
2-chloropyrimidine in STEP 1) with the appropriately substituted trans 
phenylcyclopropanecarboxyUc acid (prepared in a similar manner to that described in 
(EXAMPLE 136). 



EX. 


Structure 


Name 


NLS. 
(M+1) 


160 


■ 0 

u 


[4-(Pyiimidin-2- 
ylaminomethyO-piperidin-l-yl]- 

(2-p-tolyl-cyclopropyl)- 
methanone 


351.2 


161 


u 


[4-(Pyriinidin-2- 
ylaminomethyl)-piperidin-l-yl]- 
(2-o-tolyl-cyclopropyl)- 
methanone 


351.4 
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EX. 


Structure 


Name 


M.S. 
(M+1) 


162 


o 


[4-(Pyiiiiudin-2- 
ylaminomelhyl)-piperidin-l-yl]- 
(2-m-tolyl-cyclopropyl> 
meuianoiic 


351.4 


1<»3 


0 


[2-(4-Fluoro-phenyl)- 
cyclopropyl]-[4-(pyrimidin-2- 
ylaminomethyl)-piperidin-l-yl]- 
methanone 


355.2 


164 


O 


[2-(4-Chloro-phenyl)- 
cyclopropyl]-[4-(pyrimidin-2- 
ylammomethyl)-piperidin-l-yll- 
methanone 


371.1 


165 




[2-(3-Chloro-phenyl> . 
cyclopropyl]-[4-(pyrimidiii-2- 
ylaminomethyl)-piperidin-l-yl]- 
methanone 


371.3 


166 


0 

(J 


[2-(3-Fluoro-phenyl)- 
cyclopropyl]-[4-(pyrimidin-2- 
ylaininomethyl)-piperidin-l-yl]- 
methanone 


355.3 


167 


0 0^ 


[2-(2-Methoxy-phenyl)- 
cyclopiopyl]-[4-(pyrimidin-2- 
ylammomethyl)-piperidin-l-yl]- 
methanone 


367.3 



-173- 



wo 02/068409 



PCT/DS02/05226 



EX. 


Structure 


Name 


MS. 
(M+1) 


168 




[2-(3-Methoxy-phenyl)- 
cyclopropyl]-[4-(pyriimdin-2- 
ylaminomethyl)-piperidin-l-yl]- 
methanone 


367.3 


169 


0 F , 


t2-(2,6-Difluoro-phenyl)- 
cycIopropyl]-[4-(pyriinidin-2- 
ylaininomethyl)-piperidin-l-yl]- 
uicuianunc 


373.3 


170 


0 F 


[2-(2,4-Difluoro-phenyl)- 

cyclopropyl]-[4-(pyrimidin-2- 

ylaminomethyl)-piperidin-l-yl]- 

W% A^l^ O fl ATI A 

iiicinanonc 


373.4 


171 


O 


(2-Phenyl-cyclopropyl>[4- 

(pyrimidin-2-ylaininomethyl)- 

piperidin-l-yl]-inethanone 


337.2 


172 




[2-(2,3-Difluoro-phenyl)- 
cyclopropyl]-[4-(pyiiimdin-2- 
ylammoniethyl)-piperidin-l-yl]- 
me^anone 


373.3 


173 




{4-[(5-Methyl-pyrimidiri-2- 
ylamino)-methyl]-piperidin-l- 
yl}-(2-in-tolyl-cyclopropyl)- 
methanone 


365.4 
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EX. 


Structure 


Name 


(M+l) 


174 




{4-[(5-Methyl-pyrimidin-2- 
ylamino)-methyl]-piperidin- 1- 
yl } -(2-o-tolyl-cyclopropyl)- 
methanone 


365.3 


175 


0 F 


[2-(2-Fluoro-phenyl)- 
cyclopropyl]-{4-[(5-methyl- 
pyiiinidin-2-ylamino)-methyll- 
piperidin- 1 -y 1 } -methanone 


369.3 


176 




[2-(2,3-Difluoro-phenyl)- 
cyclopropyl]-{4-[(5-methyl- 
pyrinudin-2-ylamino)-methyll- 
piperidin-l-yl }-inethanone 


387.3 


177 




[2-(2,6-Difluoro-phenyl)- 
cyclopropyl]-{4-[(5-methyl- 
pyrimidin-2«ylamino)-inethyl]- 
piperidin-l-yU-methanone 


387.3 


178 


0 F 


{4-[(5-Fluoro-pyriinidin-2- 
ylaiiiino)-methyl]-piperidin-l- 
yl}-(2-pentafluorophenyl- 
cyclopropyl)-methanone 


445.3 


179 




{4-[(5-Fluoro-pyriinidin-2- 
ylainino)-niethyl]-piperidin-l- 
yl }-(2-o-tolyl-cyclopropyl)- 
xneihanone 


369.3 
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EX. 


Structure 


Name 


M.S. 
(M+1) 


180 




{4-[(5-Fluoro-pyrimidin-2- 
ylamino>inethyl]-piperidin-l- 
yl }-(2-m-tolyl-cyclopropyl)- 
methanone 


369.4 



EXAMPLE 181: 

4-[(3-Huoro-pyridin-2-ylainino)-methyl]-piperidine-l-carboxylicacid 

benzyl ester 



A solution of 2-chloro-3-fluoropyridine (prepared in a manner similar 
to that described by WJ. link, R.F. Borne and Fi. Setliff, J. Heterocyclic Chen;. 4. 
641-3, 1967) (131mg Immol), benzyl 4-(aminomethyl)piperidine-l-carboxylate 
(EXAMPLE 13, STEP 1) (248mg, Imol) and diisopropylethylamine (129mg, 
10 Immol) were heated to reflux in 2-methoxyethanol for 2 days under nitrogen. "ITie 
reaction mixture was concentrated, partitioned between ethyl acetate and water, flie 
organic layer washed with biine, dried over anhydrous sodium sulfate and solvent 
evapoarted to give the crude product purified by chromatography on silica. 
M.S. (M+1): 344.3 

15 

EXAMPLE 182: 

{4-[(3-Fluoro-pyridin-2-ylamino)-mediyl]-piperidin-l-yl}-(2-phenyl- 

cycIopropyO-methanone 
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The title compound was prepared from 4-[(3-fluoro-pyridin-2- 
ylaniino)-methyll-piperidine-l-carboxyUc add benzyl ester (EXAMPLE 181) In a 
similar manner to that described in EXAMPLE 145). M.S. (M+1): 354.3 

5 EXAMPLE 183: 

4-[(3-Fluoro-pyridin-2-ylamino)-methyll-piperidine-l-carboxylicacid 



10 



benzyl ester 



Stepl: 



CC 



2-Chloro-3-fluoropyridine 

Prepared in a manner similar to that described by W.J. Link, RJ. 
Borne and F.L. Setliff, I ^TeterncvcUc ChenL 4, 641-3. (1967), 
Step 2: 

15 A mixture of 2mmoI of 4-aminomethyl-piperidine-l-carboxylic acid 

benzyl ester, Immol of 2-chloro-3-fluoropyridine, and Immol of tributylamine were 
heated to reflux in 2mL of cyclohexanol for 3 days (or 2-methoxyethanol for 14 days) 
under nitrogen. Preparative TLC eluting with 75:25 ethenhexane gave 4-[(3-fluoro- 
pyiidin-2-ylamino)-methyl]-piperidine-l-carboxylic acid benzyl ester. 

20 'H NMR (CDC13) 57.85 (IH. d.). 7.4-7.35 (5H. m). 7.1 (IH. dd). 6.5 

(IH. m). 5.15 (2H. s). 4.65 (IH. br m), 4.2 (2H. br s). 3.4 (2H. br m). 2.8 (2H. br m). 
1.8 (3H, m), 1.2 (2H, m). Mass spec.: 344.32 (M+1). 

A lower band gave 4-[(2-chloro-pyridin-3-ylaniino)-methyl]- 

piperidine-l-caxboxylic acid benzyl ester 
25 'H NMR (CDQs) 57.7 (IH, d.). 7.4-7.35 (5H, m). 7.1 (IH. dd), 6.82 

(lH.d).5.15(2H.8),4.4(lH,brm),4.2(2H,brs), 3.05 (2a m), 2.8 (2H, br m). 1.8 
(3H, m), 1.2 (2H. m). Mass spec.: 360.29 (M+1). 

Alternatively, the use of 2,3-difluorpyridine [Finger, G. C; Starr, L. 
D.; Roe. A.; Link. W. J.. J. Organic Chem. 27. 3965-68. 1962.] in place of 2-chloro- 
30 3-fluoropyridine in refluxing 2-butanol gave higher yields of product without the 4- 



-177- 



wo 02/068409 



PCT/DS02/0S226 



[(2-chloix)-pyridin-3-ylamino)-inethyl]-piperidine-l-carboxylic acid benzyl ester by- 
product. 

EXAMPLE 184: 

5 [R,R] {4-[(3-Fluoro-pyridin-2-ylainino)-methyl]-piperidin-l-yl}-(2- 

phenyl-cyclopropyl)-methanone 




Prepared from 4-[(3-fluoro-pyridin-2-ylamino)-methyl]-piperidine-l- 

carboxylic acid benzyl ester by hydrogenolysis of the benzyloxycarbonyl group 

10 followed by EDC, HOBt coupling with [R Jl] trans-2-phenyl- 1- 

cyclopropanecarboxylic acid in DMF in the usual manner such as described 

previously in EXAMPLE 143 above: 

•H NMR (0X33) 87.85 (IH, d,), 7.35 (2H. m), 7.2 (IH, dd), 7.1 (3H. 

m). 6.5 (IH, m). 4.65 (2H. br m), 4.18 (IH, br d), 3.4 (2H. br m). 3.1 (IH, complex 

15 m), 2.6 (IH. m), 2.45 (IH, m), 2.0-1.8 (4H, m), 1.62 (IH, m). 1.2 (3H, m). Mass 

spec.: 354.35 (M+1). 

EXAMPLE 185: 

4-((4-Methyl-pyrimidin-2-ylamino)-methyl]-piperidine-l-carboxylic 

20 acid benzyl ester 




A mixture of 1.6mmol of 4-aminomethyl-piperidine-l-carboxylic acid 
benzyl ester, 2.4mmol of 2-methanesulfonyl-4-methylpyrimidine, and 3mmoI of 
diethylethylamine were heated to reflux in either SmL of 2-butanol for 24h under 
25 nitrogen. Preparative TLC eluting with ethyl acetate gave 460mg of 4-[(3-fluoro- 
pyridin-2-ylamino)-methyl]-piperidine-l-carboxylic acid benzyl ester 
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'HNMR (CDCI3) 5 8.1 (IH, d,). 7.4-7.35 (5H, m), 6.4 (IH, d), 5.15 
(2H,s), 4.2 (2H. br s), 3.35 (2H, m). 2.8 (2H, br m), 2.3 (3H, s). 1.8 (4H. m). 1.2 
(2H, m). Mass spec.: 341.4 (M+1). 

5 EXAMPLE 186: 

[RJR] {4-[(4-Me%l-pyrimidm-2-ylamino)-methyl]-piperidin-l-yl}-(2- 

phenyl-cyclopropyl)-methanone 



20 



Prepared from 4-[(4-methyl-pyrinudin-2-ylaimno)-methyl]-piperidine- 
10 l-carboxylic acid benzyl ester by hydrogenolysis of the benzyloxycaibonyl group 
followed by EDC, HOBt coupUng with [R^] trans-2-phenyl-l- 
cyclopropanecaiboxylic acid in DMF as described above in EXAMPLE 143. 
Preparative TLC using 90:10 ethyl acetate: methanol gave the product: 

NMR (CDQa) 8 8.1 (IH. d.). 7.35 (2H. m). 7.2 (IH. dd). 7.1 (2H, 

15 m). 6.4 (IH. d). 5.3 (IH. br m). 4.6 (IH. br d). 4.15 (IH. br d). 3.35 (2H, m). 3.05 
(IH. dd). 2.6 (IH, t), 2.45 (IH. m). 2.3 (3H. s). 2.0 (IH, m). 1.8 (4H, m). 1.6 (IH. s). 
1.2 (4H. m). Mass spec.: 351.4 (M+1). 

EXAMPLE 187: 




(+.).N.({8-[(rranj-2-phenylcyclopropyl)carbonyl]-8-aza- 
bicyclo[3.2.1]oct-3-exo-yl}methyl)pyiimidin-2-amine was prepared sitMlarly as 
described previously above. 
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^HNMR (CDCI3) 58.25 (2H, m ), 7.28 (2H, m ), 7.19 (IH, m), 7.11 
(2H, m ), 6.52 (IH. m), 5.13 (IH. m). 4.71 (IH. br s). 4.39 (IH, br s). 3.32 (2H. m), 
2.51 (IH, m). 2.23 (IH, m), 2.05-1.88 (3H, m), 1.80-1.32 (7H. m). 1.25 (IH. m). 

Mass spec.: 363.4 (M+1). 

5 
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WHAT IS CLAIMED IS: 



1 . A compound having the formula (I): 



0) 

or pharmaceutically acceptable salts thereof, wherein 

NonAr is a nonaromatic 5-7 membered ring containing 1 or 2 nitrogen 

10 ring atoms or an aza bicyclo octane ring; 

HetAr is a 5 or 6 membered heteroaromatic ring containing 1-3 
nitrogen ring atoms, or isoxazolyl. thiazolyl, thiadiazolyl. quinolinyl, quinazoUnyl. 
purinyl. pteridinyl, benzimidazolyl. pynolopyrimidinyl, or imidazopyridinyl; 

HetAr is optionally substituted with 1 or 2 substituents, each 
15 substituent independently is CMalkyl. Ci-4alkoxy. C2-talkynyl. trifluoromethyl. 
hydroxy. hydroxyCi.4alkyl. fluoro. chloro. bromo. iodo. cyano. methylsulfanyl, 
cyclopropylethynyl-, phenylethynyl-. heteroarylethynyl-.-N(Co^alkyl)(Co.4alkyl). 
nitro. (Ci.2alkyl)(Ci.2alkyl)NCH2-. (Ci.2alkyl)HNCH2-. Si(CH3)3-C-. or 

NH2C(0)-; 
20 A is -Co-4alkyl-; 

B is aryl(CH2)o.3-0-C(0)-. heteroaiyl(CH2)i.3-^>C(0>-. 

indanyl(CH2)o.3-0-C(0)-. aryl(CH2)„-C(0K aryl-cyclopropyl-C(0>-. heteroaryl- 

cyclopropyl-C(0)-. heteroaiyl(CH2),.3-C(0)-. aiyl(CH2)x.3-. heteroaryl(CH2),.3-^. 

aryl(CH2),.3-NM(0)-. aryl(CH2),.3-NH-C(NCN)-. aryl(CH2)i.3-S02-, 
25 heteroaryI(CH2),.3-S02-. wherein any of the aryl or heteroaryl is optionaUy 

substituted by 1-5 substitutents. each substituent independently is Ci-4alkyl. C3. 

6cycloalkyl. Cl-4alkoxy. trifluoromethyl, bromo, fluoro, or chloro; and 

X is H, OH. F. Ci.4alkyl. CMalkoxy. NH2. or X taken with an 

adjacent bond is =0. 
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2. The compound according to Claim 1, or phaimaceutically 

acceptable salts thereof, wherein 

NonAr is a nonaromatic 6 membered ring containing 1 nitrogen ring 

5 atom; and . 

B is aryl(CH2)o.3-0-C(0)-. wherein the aryl is optionaUy substituted 

by 1-5 substitutents, each substituent independendy is Ci.4alkyl, C3.6cycloalkyl, Ci- 

4alkoxy, trifluorometfiyl, bromo, fluoro, or chloro. 

10 3. The compound according to Claim 2, or pharmaceutically 

acceptable salts thereof, wherein 

HetAr is a 6 membraed heteroaromatic ring containing 1 nitrogen ring 

atom; 

HetAr is optionally substituted with 1 or 2 substituents, each 
15 substituent independenfly is Ci-4alkyl. Ci^alkoxy. C2-4alkynyl, trifluoromethyl. 
hydroxy, hydroxyCi-4alkyl, fluoro, chloro, bromo, iodo. cyano, methylsulfanyl, 
cyclopropylethynyl-. phenylethynyl- heteroarylethynyl-,-N(Co-4alkyl)(C(Malkyl), 
nitro, (Ci.2alkyl)(Ci-2alkyl)NCH2-, (Ci.2alkyl)HNCH2-. Si(CH3)3-C- or 
NH2C(0)-. 

20 

4. The compound according to Claim 2, or pharmaceutically 

acceptable salts thereof, wherein 

HetAr is an isoxazolyl optionally substituted with 1 or 2 substituents, 
each substituent independenfly is Ci-4alkyl, CMalkoxy, C2-4alkynyl. 
25 trifluoromethyl, hydroxy, hydroxyCi-4alkyl, fluoro. chloro, bromo. iodo, cyano. 
methylsulfanyl. cyclopropylethynyl-. phenylethyayl-. heteroarylethynyl-.-N(Co- 
4alkyl)(Co-4alkyl), nitro. (Ci-2alkyl)(Ci.2alkyl)NCH2- (Ci.2alkyl)HNCH2-. 
Si(CH3)3-C-. or NH2C(0)-. 

30 5, The compound according to Qaim 2. or pharmaceutically 

acceptable salts thereof, wherein 

HetAr is a thiadiazolyl optionally substituted with 1 or 2 substituents, 
each substituent independenfly is Ci^kyl. Ci-4alkoxy, C2-4alkynyl.- 
trifluoromefliyl, hydroxy, hydroxyCi-^alkyl, fluoro. chloro. bromo. iodo. cyano. 
35 methylsulfanyl. cyclopropylethynyl-. phenylefliynyl-. heteroarylefljynyK-N(Co- 
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4alkyl)(C0-4alkyl). nitro, (Ci.2alkyl)(Ci.2alkyl)NCH2-. (Ci.2alkyl)HNCH2-, 
Si(CH3)3-C-. or NH2C(0)-. 

6. The compound according to Claim 2, or pharmaceutically 
5 acceptable salts thereof, wherein 

HetAr is a 5 membered heteroaromatic ring containing 2 nitrogen ring 

atoms; 

HetAr is optionally substituted with 1 or 2 substituents, each 
substituent independently is Ci-4alkyl, CMallcoxy, C2.4alkynyl. trifluoromethyl, 
10 hydroxy, hydroxyCMalkyl, fluoro, chloro, bromo. iodo, cyano, methylsulfanyl, 
cyclopropylethynyl-, phenylethynyK heteroaiylethynyl-,-N(C0-4alkyl)(C(Malkyl), 
nitro, (Ci.2alkyl)(Ci.2alkyl)NCH2-. (Ci.2alkyl)HNCH2-, Si(CH3)3-C-, or 
NH2C(0>-. 

15 7. The compound according to Claim 2, or phatnlaceutically 

accq>table salts thereof, wherein 

HetAr is quinolinyl optionally substimted with 1 or 2 substituents, each 
substituent independently is CMalkyl. CMalkoxy, C2-4alkynyl, trifluoromethyl, 
hydroxy, hydroxyCMalkyl, fluoro, chloro, bromo, iodo, cyano, mettiylsulfanyl, 
20 cyclopropylethynyl-, phenylethynjir-, heteroarylethynyl-,-N(C0-4alkyl)(Q)-4alkyl), 
nitro, (Ci.2alkyl)(Ci.2alkyl)NCH2-, (Ci.2alkyl)HNCH2-, Si(CH3)3-C-, or 
NH2C(0)-. 

8. The compound according to Claim 2, or pharmaceutically 
25 acceptable salts thereof, wherein 

HetAr is purinyl optionally substitiited with 1 or 2 substituents, each 
substituent independenUy is Ci-4alkyl, Ci^alkoxy, C2-4alkynyl, trifluoromethyl, 
hydroxy, hydroxyCi^alkyl, fluoro, chloro, bromo, iodo, cyano, metiiylsulfanyl, 
cyclopropylethynyl-, phenyletiiynyl-, heteroarylethynyl-,-N(Co^alkyl)(Co-4alkyl). 
30 nitro. (Ci.2alkyI)(Ci.2alkyl)NCH2-, (Ci.2alkyl)HNCH2-, Si(CH3)3-C-, or 
NH2C(0)-. 

9. The compound according to Claim 2, or pharmaceutically 
acceptable salts thereof , wherein 
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HetAr is a 6 membeied heteroaromatic ring containing 2 nitrogen ring 

atoms; 

HetAr is optionally substituted with 1 or 2 substituents, each 
substituent independently is Ci-4alkyl. Cl-4alkoxy, C2^alkynyl. trifluoromethyi, 
5 hydroxy, hydroxyCi^kyl, fluoro, chloro, bromo, iodo, cyano, methylsulfanyl, 
cyclopiopylethynyl-, phenylethynyK heteroarylethynyl-,-N(CO-4aMcyl)(CO-4alkyO. 
nitro. (Ci-2alkyl)(Ci.2alkyl)NCH2-. (Ci.2alkyl)HNCH2-. Si(CH3)3-C- or 
NH2C(0)-. 

XO 10. Tlieconqiound according to Oaim 2, or pharmaceutically 

acceptable salts thereof, whocein 

HetAr is thiazolyl optionally substituted with 1 or 2 substiments, each 
substituent independenUy is Ci-4alkyl, Ci-4alkoxy, C2-4alkynyl, trifluoromethyi, 
hydroxy, hydroxyCi-^alkyl, fluoro, chloro, bromo, iodo, cyano, methylsulfanyl, 
15 cyclopropylethynyl-, phenylethynyl-, heteroarylethynyl-,-N(CO-4allcyl)(Co-4alkyl), 
nitro, (Ci.2alkyl)(Ci.2alkyl)NCH2-. (Ci.2alkyl)HNCH2-. Si(CH3)3-C-. or 
NH2C(0)-. 

11. Hie compound according to Qaim 2, or pharmaceutically 

20 acceptable salts thereof, wherein 

HetAr is pteridinyl optionally substituted with 1 or 2 substituents, each 
substituent independently is CMalkyl, Ci-4alkoxy, C2.4alkynyl, trifluoromethyi, 
hydroxy, hydroxyCi^alkyl, fluoro, chloro, bromo, iodo, cyano, methylsulfanyl, 
cyclopropylethynyl-, phenylethynyl-, heteroarylethynyl-,-N(Co-4allcyl)(Co^alkyl), 

25 nitro, (Ci.2alkyl)(Ci.2alkyl)NCH2-. (Ci.2alkyl)HNCH2-. Si(CH3)3-C-, or 
NH2C(0)-. 

12. The compound according to Claim 2, or pharmaceutically 
acceptable salts thereof, wherein 

30 HetAr is pyrrolopyrimidinyl optionally substituted with 1 or 2 

substituents, each substituent independently is Ci^alkyl. Ci.4alla)xy. C2-4alkynyl. 
trifluoromethyi, hydroxy, hydroxyCi.4alkyl. fluoro, chloro, bromo, iodo, cyano, 
methylsulfanyl, cyclopiopylethynyK phraiylethynyl-, heteroarylethynyl-,-N(Co- 
4alkyl)(Co^alkyl). nitro, (Ci.2alkyl)(Ci.2alkyl)NCH2-, (Ci-2alkyl)HNCH2- 

35 Si(CH3)3-C-.orNH2C(0>-. 



-184- 



wo 02/068409 



PCTAJS02/0S226 



10 



13. The compound according to Claim 2, or pharmaceutically 

acceptable salts thereof, wherein 

HetAr is a imidazopyridinyl optionally substituted with 1 or 2 
substituents. each substituent independenfly is Ci-4alkyl, Ci.4alkoxy, C2.4alkynyl, 
trifluoiomethyl, hydroxy, hydroxyCMalkyl, fluoro, chloro, bromo, iodo, cyano, 
methylsulfanyl, cyclopropj^ethynyl-, phenylethyn)4-. heteroarylethynyl-,-N(Co. 
4alkyl)(Co-4alkyl). nitro. (Ci-2alkyi)(Ci-2alkyl)NCH2-. (Ci.2alkyl)HNCH2-. 
Si(CH3)3-C-. or NH2C(0>-. 



14. The compound according to Claim 2, or pharmaceutically 

acceptable salts thereof, wherein 

HetAr is benzimidazolyl optionally substituted with 1 or 2 substituents, 
each substituent independently is Ci-4alkyl, Ci-4alkoxy, C2-4alkynyl, 
15 trifluoromethyl, hydroxy, hydroxyCMalkyl, fluoro, chloro. bromo, iodo, cyano. 
methylsulfanyl, cyclopropylethynyl-, phenylethynyl-, heteroarylethynyK-N(CO- 
4alkyl)(Co-4alkyl), nitro. (Ci-2alkyl)(Ci.2alkyl)NCH2- (Ci.2alkyl)HNCH2-. 
Si(CH3)3-C-, or NH2C(0)-. 

20 15. The compound according to Claim 1 . or pharmaceutically 

. acceptable salts thereof, wherein 

NonAr is a nonaromatic 6 memboed ring containing 1 nitrogen ring 

atom; and 

B is aryl(CH2)j.3-S02-, wherein the aryl is optionaUy substituted by 
25 1-5 substitutents, each substituent independently is Ci-4alkyl. C3-6cycloalkyl. Ci- 
4alkoxy, trifluoromethyl, bromo, fluoro, or chloro. 

16. The compound according to Oaiin 15, or pharmaceutically 

acceptable salts thereof, whraein 
30 HetAr is a 6 membeied heteroaromatic ring containing 2 nitrogen ring 

atoms; 

HetAr is optionally substituted with 1 or 2 substituents, each 
substituent independently is Ci.4alkyl. CMalkoxy. C2-4alkynyl, trifluoromethyl. 
hydroxy. hydroxyCi-4alkyl, fluoro, chloro, bromo, iodo, cyano, methylsulfanyl, 
35 cyclopropylethynyK phenylethynyl-, heteroarylethynyl-.-N(Co^alkyl)(Co-4alkyl). 
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nitn>, (Ci-2alkyl)(Ci.2alkyl)NCH2-, (Ci.2alkyl)HNCH2-. Si(CH3)3-C-. or 
NH2C(0)-. 

17. The compound according to Claim 15, or pharmaceutically 
5 acceptable salts thereof, wherein 

HetAr is quinazolinyl optionally substituted with 1 or 2 substituents, 
each substituent independently is Ci-^Jdk}*, Ci-4al]coxy, C2-4alkynyl, 
tiifluorometh>4, hydroxy, hydroxyCMalkyl, fluoro, chloro, bromo, iodo, cyano, 
meth^sulfanyl, cyclopropylethynyl-, phenylethynyl-, heteroarylethynyK-N(Co- 
10 4alkyl)(C0-4alkyl), nitro, (Ci.2alkyl)(Ci.2alkyl)NCH2-. (Ci.2alkyl)HNCH2-, 
Si(CH3)3-C-. or NH2C(0)-. 

18. The compound according to Claim 15, or pharmaceutically 
acceptable salts thereof, wherein 

15 HetAr is purinyl optionally substitoted with 1 or 2 substituents, each 

substituent independentiy is Ci.4alkyl. Ci^alkoxy, C2-4alkynyl, trifluoromethyl, 
hydroxy, hydroxyCi-4alkyl, fluoro, chloro, bromo, iodo, cyano, methylsulfanyl, 
cyclopropylethynyl-, phenylethynyl-, heteroarylethynyl-,-N(C(MalkylXC0-4aUq'l). 
nitro, (Ci.2alkyl)(Ci-2aIkyl)NCH2-. (Ci.2alkyI)HNCH2-, Si(CH3)3-C-. or 

20 NH2C(0)-. 

19. The compound according to Claim 15, or pharmaceutically 

accq>table salts hereof, wherein 

HetAr is imidazopyridinyl optionally substituted with 1 or 2 
25 substituents, each substituent independently is CMalkyl, Ci^alkoxy, C2-4aIkynyl. 
trifluoromethyl, hydroxy, hydroxyCi-4alkyl, fluoro. chloro, bromo, iodo, cyano, 
methylsulfanyl, cyclopropylethynyl-, phenylethynyl-, heteroarylethynyl-,-N(Co- 
4alkyl)(Co.4alkyI), nitro. (Ci-2alkyl)(Ci.2alkyl)NCH2-, (Ci.2alkyl)HNCH2-. 
Si(CH3)3-C-, or NH2C(0)-. 

30 

20. The compound according to Claim 15, or pharmaceutically 
acceptable salts thereof, wherein 

IfetAr is a 6 memboed het^aronoatic ring containing 1 nitrogen ring 

atom; and 
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IfetAr is optionally substituted witii 1 or 2 substituents, each 
substituent independenUy is Ci.4alkyl, CMalkoxy, C2^alkynyl, trifluoromethyl. 
hydroxy, hydroxyCMalkyl, fluoro, chloro, broxno, iodo, cyano, methylsulfanyl, 
cyclopropylethynyl-. phenylethynyl-, heteroarylethynyl-.-N(Co-4alkyl)(CO-4alkyl), 
5 nitio, (Ci.2allcyl)(Ci.2alkyl)NCH2-, (Ci.2alkyl)HNCH2-. Si(CH3)3-C-. or 
NH2C(0)-. 

21. The compound according to Claim 1, or pharmaceutically 
acceptable salts thereof, wherein 

IQ NonAr is a nonaromatic 5 membered ring containing 1 nitrogen ring 

atom; and 

B is aryl(CH2)o.3-0-C(0)-, wherein the aryl is optionaUy substituted 
by 1-5 substitutents, each substituent independenUy is Ci-4alkyl, C3-6cycloalkyl, Ci- 
4alkoxy, trifluoromethyl, bromo, fluoro. or chloro. 

15 

22. The compound according to Claim 21. or pharmaceutically 

acceptable salts thereof, wherdn 

HetAr is a 6 mranbered heteroaromatic ting containing 2 nitrogen ring 

atoms; 

20 HetAr is optionally substitated witii 1 or 2 substituents, each 

substituent independentty is Ci.4alkyl. CMalkoxy, C2-4alkynyl, trifluoromethyl, 
hydroxy, hydroxyCi-4alkyl, fluoro, chloro, bromo, iodo, cyano, methylsulfanyl, 
cyclopropylethynyl- phenylethynyl-, heteroaryletiiynyl--N(C()-4alWC0-4alkyl), 

nitro, (Ci.2alkyl)(Ci.2alkyl)NCH2-. (Ci.2alkyl)HNCH2-. Si(CH3)3-0. or 
25 NH2C(0)-. 

23. The compound according to Claim 21, or pharmaceutically 

acceptable salts thereof, wherein 

HetAr is pteridinyl optionally substituted with 1 or 2 substituents, each 
30 substituent independently is Ci.4alkyl.Ci.4alkoxy,C2.4alkynyl.t^^^ 

hydroxy, hydroxyCi-4alkyI. fluoro, chloro, bromo. iodo, cyano. methylsulfanyl, 
cyclopropylethynyl-, phenylethynyK heteroarylethynyl-.-N(Co-4allcyl)(C(Mallcyl). 
nitro. (Ci.2alkyl)(Cl-2alkyl)NCH2-. (Ci.2al]cyl)HNCH2-. Si(CH3)3-C-. or 
NH2C(0)-. 

35 
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24. The compound according to Claim 21, or phanmceutically 

acceptable salts thereof, wherein 

HetAr is purinyl optionally substituted with 1 or 2 substituents, each 
substituent independenUy is Ci^alkyl. CMalkoxy, C2-4alkynyl. trifluoromethyl, 
5 hydroxy, hydroxyCi.4alkyl, fluoro, chloro, bromo, iodo, cyano, methylsulfanyl, 
cyclopropylethynyl-, phenylethynyl-, heteroarylethynyl-,-N(C0-4aIkyl)(C0-4alkyl). 
nitro, (Ci.2alkylXCi.2alkyl)NCH2-, (Ci.2aIkyl)HNCH2-, Si(CH3)3-C-. or 
NH2C(0)-. 

10 25. The compound according to Claim 21, or pharmaceutically 

acceptable salts thraeof . wherein 

HetAr is benzimidazolyl optionally substituted with 1 or 2 substituents, 
each substituent independenUy is CMalkyl, Ci-4alkoxy, C2-4alkynyl, 
trifluoromethyl, hydroxy, hydroxyCi-4alkyl, fluoro, chloro, bromo, iodo, cyano, 
15 methylsulfanyl, cyclopropylethynyl-, phenylethynyl-, heteroarylediynyl-,-N(CO- 
4alkyl)(Co-4alkyl), nitro, (Ci.2alkyl)(Ci.2alkyl)NCH2-, (Ci.2alkyl)HNCH2-. 
Si(CH3)3-<:- orNH2C(0)-. 

26. The compound according to Claim 1, or pharmaceutically 
20 acceptable salts thereof, wherein 

NonAr is an aza bicyclo octane ring; and 

B is aryl(CH2)o.3-0-C(6)-. wherein the aryl is optionally substituted 
by 1-5 sutetitutents,.each substituent independently is Ci-4alkyl, Ca^cycloallqrl, Ci- 
4alkoxy, trifluoromethyl, bromo, fluoro, or chloro. 

25 

27. The compound according to Claim 26, or pharmaceutically 

acceptable salts thereof, wherein 

HetAr is a 6 membered heteroaromatic ring containing 1 nitrogen ring 

atom; and 

30 HetAr is optionally substituted with 1 or 2 substituents, each 

substituent independenUy is CMalkyl, Ci.4alkoxy, C2.4alkynyl. trifluoromethyl, 
hydroxy, hydroxyCi-4alkyl, fluoro, chloro, bromo, iodo, cyano, methylsulfanyl, 
cyclopropylethynyl-, phenylethynyl-, heteroarylethynyl-,-N(Co-4ancyl)(Co.4alkyl), 
nitro. (Ci.2alkyl)(Ci.2alkyl)NCH2-. (Ci.2alkyl)HNCH2-, Si(CH3)3-C-. « 

35 NH2C(0)-. 
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28. The compound according to Claim 26, or pharmaceutically 
acceptable salts thereof, wherein 

HetAr is purinyl optionally substituted with 1 or 2 substituents, each 
5 substituent independently is Ci.4allcyl, C walkoxy, C2^kynyl. trifluoromethyl, 
hydroxy, hydroxyCi^alkyl, fluoro, chloro, bromo, iodo, cyano, methylsulfanyl, 
cyclopropylefliynyK phenylethynyK heteroarylethynyl-,-N(Co^alkyl)(Co-4alkyl)i 
nitro, (Ci-2alkyl)(Ci-2alkyl)NCH2-. (Ci.2alkyl)HNCH2-. Si(CH3)3-C- or 
NH2C(0)-. 

10 

29. The compound according to Claim 26, or pharmaceutically 
acceptable salts thereof, wherein 

HetAr is a 6 membered heteroaromatic ring containing 2 nitrogen ring 

atom; and 

15 HetAr is optionally substituted with 1 or 2 substitoients, each 

substituent independenfly is Ci-4alkyl, Ci^alkoxy, C2-4alkynyl, trifluoromethyl, 
hydroxy, hydroxyCi.4alkyl, fluoro, chloro, bromo, iodo, cyano, methylsulfanyl, 
cyclopropylethynyl-, phenylethynyK heteroarylethynyl-,--N(Co-4allcyl)(Co-4alkyl). 
nitro, (Ci.2alkyl)(Cl.2alkyl)NCH2-, (Ci-2alkyl)HNCH2-, Si(CH3)3-^- or 

20 NH2C(0)-. 

30. The compound according to Claim 1, or pharmaceutically 
acceptable salts thereof, wherein 

NonAr is an aza bicyclo octane ring; and 
25 B is aryl(CH2)i.3-S02- wherein the aryl is optionally substituted by 

1-5 substitutents, each substituent independently is Ci^alkyl, C3-6cycloalkyl, Ci- 
4alkoxy, trifluoromethyl, bromo, fluoro, or chloro. 

31. The compound according to Claim 1, or pharmaceutically 
30 acceptable salts thereof, wherein 

NonAr is a nonaromatic 6 membered ring containing 1 nitrogen ring 

atom; and 

B is heteroaryl(CH2),.3-C(OH wherein the heteroaryl is optionally 
substituted by 1-5 substitutents, each substituent independently is Ci-4alkyl. C3- 
35 ecycloalkyl, Ci-4alkoxy, trifluoromethyl, bromo, fluoro, or chloro. 
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32. The compound according to Claim 1, or phannaceutically 
acceptable salts thereof, wherein 

NonAr is a nonaromatic 6 membered ring containing 1 nitrogen ring 

5 atom; and 

B is aryl(CH2)i.3-C(0)-, wherein the aryl is optionally substituted by 
1-5 substitutents, each substituent independenUy is CMalkyl, Cs-ficycloalkyl, Ci- 
4alkoxy, trifluoromethyl, bromo, fluoro, or chloro. 

10 33. The compound according to Citam 1, or phannaceutically 

acceptable salts thereof, wherein 

NonAr is a nonaromatic 6 membered ring containing 1 nitrogen ring 

atom; and 

B is aryl-cyclopropyl-C(0)-, wherein the aryl is optionaUy substituted 
15 by 1-5 substitutents, each substituent independently is Ci-4allcyl. Cs^cycloalkyl, Ci- 
4alkoxy, trifluoromethyl, bromo, fluoro, or chloro. 

34. The compound according to Claim 33, or phannaceutically 

acceptable salts thereof, wherein 

20 IfetAr is pyridyl optionally substituted with 1 or 2 substituents, each 

substittient independenUy is Ci-4alkyl. Ci.4alkoxy. C2.4alkynyl. trifluoromethyl, 
hydroxy, hydroxyCi-4allcyl, fluoro, chloro, bromo, iodo, cyano. metiiylsulfanyl, 
cyclopropylethynyh-, phenylethynyl-, heteroaiylethynyl-,-N(Co-4alkyl)(Co-4alkyl). 
nitro, (Ci.2alkyl)(Ci.2alkyl)NCH2-, (Ci.2alkyl)HNCH2- Si(CH3)3-C-, or 

25 NH2C(0)-. 

35. The compound according to Claim 33, or pharmaceutically 

acceptable salts thereof, wherein 

HetAr is pyrazinyl optionally substituted witii 1 or 2 substituents, each 
30 substituent independenUy is Ci-4alkyl, Ci^koxy, C2.4alkynyl, trifluoromethyl, 
hydroxy, hydroxyCi-4alkyl, fluoro, chloro, bromo, iodo, cyano, methylsulfanyl, 
cyclopropyletiiynyl-, phenyletiiynyl-, heteroarylethynyl-,-N(C0-4alkyl)(C0-4alkyl), 
nitro, (Ci-2alkyl)(Ci.2alkyl)NCH2-. (Ci.2alkyl)HNCH2-, Si(CH3)3-C- or 
NH2C(0)-. 

35 
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36. Hie compound according to Claim 33, or phannaceutically 

acceptable salts thereof, wherein 

HetAr is pyridazinyl optionally substituted with 1 or 2 substituents, 
each substituent independendy is Ci.4alkyl, Ci-^alkoxy. C2-4alkynyl. 
5 trifluoromediyl. hydroxy, hydroxyCMalkyl, fluoro, chloro, bromo, iodo, cyano, 
methylsulfanyl, cyclopropylethynyl-, phenylethynyl- heteroarylethynyl-,-N(Co. 
4alkyl)(Co-4alkyl), nitro, (Ci.2alkyl)(Ci-2alkyl)NCH2-. (Ci-2alkyl)HNCH2-. 
Si(CH3)3-C-, or NH2C(0)-. 

10 37. The compound according to Qaim 33, or pharmac«itically 

acceptable salts thereof, wherein 

HetAr is pyrimidinyl optionally substituted with 1 or 2 substituents, 
each substituent independendy is Ci.4alkyl, Ci^alkoxy, C2-4alkynyl. 
tiifluoromethyl, hydroxy. hydioxyCMalkyl, fluoro, chloro, bromo, iodo, cyano, 
15 methylsulfanyl, cyclopropylethynyl-, phenylethynyl-, heteroarylethynyl-,-N(Co. 
4aIlcyl)(Co-4alkyl), nitio, (Ci.2alkyl)(Ci.2alkyl)NCH2-. (Ci-2alkyl)HNCH2-. 
Si(CH3)3-C-. or NH2C(0)-. 

38. The compound according to Claim 1, or phannaceutically 

20 acceptable salts thereof, wherein 

NonAr is a nonaromatic 6 membered ring containing 1 nitrogen ring 

atom; and 

B is beterDaiyl(CH2)i.3-<M:(OK wherein the heteroaryl is optionally 
substituted by 1-5 substitutents, each substiment independendy is Ci.4alkyl, C3. 
25 6cycloalkyl,CMalkoxy,trifluoromethyl, bromo, fluoro, or chloro;. 

39. The compound according to Claim 1, or phannaceutically 

accq>table salts thereof, wherein 

NonAr is a nonaromatic 6 membered ring containing 1 nitrogen ring 

30. atom; and 

B is aryl(CH2)i.3-NH-C(NCN)-, wherein the aryl is optionaUy 
substituted by 1-5 substitutents. each substituent independendy is Ci-4alkyl, C3- 
6cycloaIkyl, Ci-4alkoxy. trifluoromethyl. bromo, fluoro, or chloro. 

35 40. Hie compound according to Claim 1, wherein said compound is 
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or a phannaceutically acceptable salt thereof. 



41. The compound according to Claim 1, wherein said compound is 
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or a phaimaceutically acceptable salt thereof. 



42. The compound according to Claun 1, wherein said compound is 
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or a phannaceutically acceptable salt thereof. 

43. The compound according to Claim 1, wherein said compound is 
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or a phannaceutically acceptable salt thereof. 
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44. The compound according to Claim 1, wherein said compound is 
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or a phatmaceutically acc^table salt thereof . 

45. The compound according to Claim 1, wherein said compound is 
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or a pharmaceutically acceptable salt thereof. 

46. The compound according to Claim 1, wherein said compound is 



5 

or a phannaceutically acceptable salt thereof. 

47. Hie compound according to Claim 1, wherein said compound is 
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H 

or a phannaceutically acceptable salt thereof. 

48. A pharmaceutical composition comprising an inert carrier and an 
5 effective amount of a compound according to claim 1 . 

49. The pharmaceutical composition according to claim 48 useful for 
the treatment of pain. 

[0 50, The pharmaceutical composition according to claim 48 useful for 

the treatment of migraine, depression, anxiety, schizophrenia, Parkinson's disease, or 
stroke. 



51. A method of treating pain comprising a step of administering to 
15 one in need of such treatment an effective amount of a compound according to claim 

1. 

52. A method of treating migraine, depression, anxiety, schizophrenia, 
Parkinson's disease, or stroke comprising a step of administering to one in need of 

20 such treatment an effective amount of a compound according to claim 1 . 
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